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of Nondepolarizing 

muscle relaxants, 

dont look for what's better... 
„OOk for what's best > 


Regonol nr 


(pyridostigmine <== 
bromide injection, USP) 
when compared to neostigmine 


O Clinically fewer side effects 

L Significantly lower degree and incidence of: 
1) Bradycardia 
2) Salivation 
3) Gastrointestinal stimulation 

L Wide margin of safety’? 





Organon Pharmaceuticals 
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BRIEF SUMMARY —(FPiease consult full package insert 
enclosed in every package, before using Regonol) 
INDICATIONS—Pyridostigmine bromide is useful as a rever- 
sal agent or antagonist to nondepolarizing muscle relaxants 


CONTRAINDICATIONS— Known hypersensitivity to anticho- 
linesterase agents intestinal and urinary obstructions of 
mechanical type 
WARNINGS—Pyridostigmine bromide should be used with 
particular Caution in patients with bronchial asthma or cardiac 
dysrhythmias. Transient bradycardia may occur and be 
relieved by atropine sulfate. Atropine should also be used with 
Caution in patients with cardiac dysrhythmias. When large 
doses of pyridostigmine bromide are administered, as during 
reversal of muscle relaxants, prior or simultaneous injection of 
atropine sulfate is advisable Because of the possibility of 
hypersensitivity in an occasional patient, atropine and anti- 
shock medication should always be readily available 

When used as an antagonist to nondepolarizing muscle 
relaxants, adequate recovery of voluntary respiration and 
neuromuscular transmission must be obtained prior to dis- 
continuation of respiratory assistance and there should be 
continuous patient observation. Satisfactory recovery may be 
defined by a combination of clinical judgement, respiratory 
measurements and observation of the effects of periphera 
nerve stimulation. If there is any doubt concerning the ade- 
quacy of recovery from the effects of the nondepolarizing 
muscle relaxant, artificial ventilation should be continued unt! 
all doubt has been removed 


Use in Pregnancy—tThe safety of pyridostigmine bromide 
during pregnancy or lactation in humans has not been estab- 
lished. Therefore its use in women who are pregnant requires 
weighing the drug's potential benefits against its possible 
hazards to mother and child 

ADVERSE REACTIONS — The side effects of pyridostigmine 
bromide are most commonly related to overdosage and gen- 
erally are of two varieties, muscarinic and nicotinic. Among 
those in the former group are nausea, vomiting. diarrhea 


Uniquely Effective in: 
TOTAL PERFORMANCE EASE 
abdominal cramps, increased peristalsis, increased saliva 
tion, increased bronchial secretions, miosis and diaphoresis OF PLACEMENT 
Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects 


™ 
can usually be counteracted by atropine. As with any com- 
pound containing the bromide radical, a skin rash may be 
seen in an occasional patient. Such reactions usually subside 


promptly upon discontinuance of the medication. Throm- 
bophlebitis has been reported subsequent to intravenous 
administration 


DOSAGE AND ADMINISTRATION— When pyridostigmine 
bromide is given intravenously to reverse the action of muscle 
relaxant drugs, itis recommended that atropine sulfate (0.6 to 
1.2 mg) or glycopyrrolate in equipotent doses be given intra- 
venously immediately prior to or simultaneous with its admin 
istration. Side effects, notably excessive secretions and , ; : 
bradycardia, are thereby minimized. Reversal dosages range lation using snap on leads, alligator 
from 0.1-0.25 mg./kg. Usually 10 or 20 mg. of pyridostigmine S 
bromide will be sufficient for antagonism of the effects of the 
nondepolarizing muscle relaxants. Although full recovery may sinc ) Tacos P sf > .? 
occur within 15 minutes in most patients. others may require a clips Or | r( fessional Insti ume nts 
half hour or more. Satistactory reversal can be evident by ade- 
quate voluntary respiration, respiratory measurements and 
use of a peripheral nerve stimulator device. It is recom- 
mended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is 
assured. Once satisfactory reversal has been attained 
recurarization has not been reported 

Failure of pyridostigmine bromide to provide prompt (within 
30 minutes) reversal may occur, eg., in the presence of f i f 
extreme debilitation. carcinomatosis, or with concomitant use Professional Instruments full-line of products, 
of certain broad spectrum antibiotics or anesthetic agents 
notably ether Under these circumstances ventilation must be 





A paired electrode system specifically 


designed for peripheral nerve stimu- 


standardized ball probes. 


For more information on “Stimitrodes and 


supported by artificial means until the patient has resumed contact your local Distributor or call: (713 ) 495-9401. 
control of his respiration 
HOW SUPPLIED—Regonol is available in Correspondence welcome at: P.O. Box 36221/ 
5 mg./mi.: 2 mi. ampuls—boxes of 25—NDC-0052-0460-02 
5 mi. vials—boxes of 25—NDC-0052-0460-05 Houston, TX 77236-6221. 
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LESS BARBITURATE, BETTER STABILITY 





of SUFENTA® (sufentanil 
citrate) Injection Œ given prior 
to thiopental as an adjunct to 
induction, improved hemo- 
dynamic stability and reduced 
barbiturate requirements, 
according to a study presented 
here at the 1985 Annual Meeting 
of the A.S.A. Ina group of 30 


Better Hemodynamic Control 





‘SystolicBlood KR 
| Pressure(mm Hg) N 





| Product (x 100) 





= Thiopental, 10 patients 
esse. SUFENTA 0.5 pg/kg 

+ thiopental, 10 patients 
=<- SUFENTA 1.0 pg/kg 

+ thiopental, 10 patients 


(Abstracted from Brizgys, Morales and 
Owens, Anesthesiology 1985; 63:A377) 


adult patients who underwent 
surgery of 25 min. to 8.5 hr. 
duration, thropental was used 
for induction, either alone 

or combined with SUFENTA. 
SUFENTA (0.5 or 1.0 ng/kg) 
reduced thiopental requirements 
by 50% to 68%, respectively, 
and the hemodynamic response 
to laryngoscopy and intubation 
was attenuated, as measured 

by systolic pressure, heart rate 





and rate-pressure product. Brady- 


cardia, truncal rigidity and 


| recall were not observed. 





Experience With 93 Patients Generates 
“Thumbnail” Dosage Guidelines 


Clinical experience with 
SUFENTA in general surgery 
revealed that total dosage 
requirements averaged about 

1 pg/kg/hour or less, in surgery 
up to 8 hours. 

In the same patients the induc- 


tion dose averaged about 75% 
of total dose. The remainder 


was given in incremental main- 
tenance doses as needed. 


The induction dose of 
SUFENTA administered prior 
to intubation reduces hyperten- 
sion and tachycardia. 


In every case, however, dosage 
should be titrated to individual 
patient needs. 


NOW SHOWING: 


AN INFORMATIVE 22-MINUTE FILM 


Benjamin J. Kripke, MD, and 
Edson O. Parker HI, MD, are 
featured in the medical film 
‘“SUFENTA: A Practical 
Guide for General Surgical 
Procedures.” The anesthesiolo- 
gists demonstrate, through 
actual hands-on experience, 
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how careful dosage planning 
provides maximal hemo- 
dynamic stability throughout 
the entire procedure. To 
arrange a viewing of this film 
please contact your local 
Janssen Representative. 


& Janssen Pharmaceutica inc. 1986 JPi-652 
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Please see full Prescribing Information, 


_inciuding dosage, on next page. 





Adult Dosage Recommendations: A Summary 










Expected 
Duration 


















Types of 
Procedures 


Recommended 
Induction 
Dose 











Recommended 
Maintenance 
Dose 












Putting SUFENTA 
to Work in 
Your Practice 


In actual clinical practice, when 
used in balanced general anesthe- 
sia, SUFENTA is about 10 times 
as potent as fentanyl. Thus, | ml 
SUFENTA (50 pg/ml) is equiva- 
lent to 10 ml fentanyl! (50 pg/ml). 


Because of this potency differ- 
ence, less volume of drug is 
needed, making it especially con- || 
-venient for use in cardiovascular 
surgery and longer procedures. 

| For accurate dosage calibration in 
shorter procedures, a tuberculin 
syringe, a 2 ml insulin syringe or 
| dilution may be helpful. 

Ina laboratory study, SUFENTA 
-has been found to be compatible 

< and stable in solution with 5 % 

= ‘lucose in water, 5% glucose in 
-ormal saline, lactated Ringer’s 
lution and normal saline (tested 
_. plastic containers refrigerated 

= 4°-8°C for 24 hours followed 
748 hours at room temperature). 


General Surgical Procedures 
| to 2 hours 


Total vaginal hysterectomy, gall bladder 
surgery, bilateral inguinal hernia repair, 
open reduction of fractures 


l tol. 5 ug ‘kg (I 4102. | ml for a 70 kg 
patient), administered with N,O/O,, 
endotracheal intubation and mechanical 
ventilation 

10 to 25 pg (0.2 to 0.5 ml) based upon 
changes in clinical signs and patient’s 
response to initial dose 


For cases lasting 2 hours, woùla not 


be expected to exceed 2 pe kg (2.8 ml for 


a 70 kg aa when used with N, 20/0; 


PHARMACEUTICA 


(Gufentari citrate) 


n tmi, 2 ml, 5 mi ampoules; 


Major Surgical Procedures 





2 to 8 hours 








Major orthopedic surgery, carotid 
endarterectomy, nephrectomy, major 
abdominal surgery (e.g., colectomy) 


lto5 „g/kg (1.4 to 7 ml for a 70 kg 
patient), administered with N,O/O, , 
endotracheal intubation and mechanical 
ventilation 





















10 to 25 pg (0.2 to 0.5 ml) based upon 
changes in clinical signs and 
patient’s response to initial dose 











For cases lasting 8 hours, would not be 
expected to exceed 8 g/kg (11.2 ml for 
a 70 kg patient) when used with N,O/O, 






njection 








SUFENTA sienn ctro nection 


CAUTION: Federal Law Prohibits Dispensing Without Prescription. 

DESCRIPTION: SUFENTA (sufentanil citrate} is a potent opioid analgesic chemically designated as N-[-4-(methoxy- 
methyl)-1-[2-(2 thienyiethyl]-4-piperidiny!}-N-phenylpropanamide 2 -hydroxy-1,2,3-propanetricarboxylate (11). 
SUFENTA is a sterile, preservative free, aqueous solution containing sufentanil citrate equivalent to 50 Hg perm of 
sufentanil base for intravenous injection. The solution has a pH range of 3.5-6.0. 

CLINICAL PHARMACOLOGY: SUFENTA is an opioid analgesic. When used in balanced general anesthesia, SUFENTA 
has been reported to be as much as 10 times as potent as fentanyl. When administered as a primary anesthetic agent 
with 100% oxygen, SUFENTA is approximately 5 ta 7 times as potent as fentanyl. (See dosage chart for more complete 
information on the use of SUFENTA) At doses of up to B pg/kg, SUFENTA provides protound analgesia: at doses 
228 pg/kg. SUFENTA produces a deep level of anesthesia. SUFENTA produces a dose related attenuation of catechol- 
amine release, particularly norepinephrine. 

The pharmacokinetics of SUFENTA can be described as a three-compartment model, with a distribution time of 14 
minutes, redistribution of 17.1 minutes and an elimination half-life af 164 minutes. The fiver and small intestine are 
the major sites of biotransformation. Approximately 80% of the administered dose is excreted within 24 hours and 
only 2% of the dose ss eliminated as unchanged drug. Plasma protein binding of SUFENTA is approximately 92.5%. 
SUFENTA has an immediate onset of action, with relatively limited accumulation. Rapid elimination from tissue 
Storage sites allows for relatively mare rapid recovery as compared with equipotent dosages af fentanyl. At dosages 
of SUFENTA of 1-2 pg/kg. recovery times are comparable te those observed with fentanyl: at dosages of >2-6 ug/kg, 
recovery times are comparable to enflurane, isoflurane and fentary!, Within the anesthetic dosage range of 8-30 
pg/kg of SUFENTA, recovery times are more rapid compared to equipotent fentanyl dosages. 

At dosages of 78 pg/kg, SUFENTA produces hypnosis and anesthesia without the use of additional anesthetic agents. 
A deep ievel of anesthesia is maintained at these dosages. as demonstrated by EEG patterns. Dasages of up to 
25 pg/kg attenuate the sympathetic response te surgical stress, The catecholamine response, particularly ncrepine- 
phrine, is further attenuated at doses of SUFENTA of 25-30 pg/kg, with hemodynamic stability and preservation of 
favorable myocardial oxygen balance. 

The vagolytic effects of pancuronium may produce a dose dependent elevation in heart rate dunng SUFENTA-oxygen 
anesthesia. The vagolytic effect of pancuronium may be reduced in patients administered nitrous oxide with SUFENTA. 
The use of moderate doses of pancuronium or of a less vagulytic neuromuscular blocking agent may be used to 
maintain a stable lower heart rate and blood pressure during SUFENTA-oxygen anesthesia. 

Preliminary data suggest that in patients administered high doses of SUFENTA, initial dosage requirements for neuro- 
muscular blocking agents are generally lower as compared to patients given fentanyl or halothane. and comparable to 
patients given enflurane. 

Bradycardia is infrequently seen in patients administered SUFENTA-oxygen anesthesia. The use of nitrous oxige with 
high doses of SUFENTA may decrease mean arterial pressure, heart rate and cardiac output. 

Assays of histamine in patients administered SUFENTA have shown no elevation in plasma histamine levels and no 
indication of histamine release. 

SUFENTA at 20 pg/kg has been shown to provide more adequate reduction in intracranial volume than equivatent 
doses of fentanyl, based upon requirements for furosemide and anesthesia supplementation in one study of patents 
undergoing craniotomy. During carotid endarterectomy, SUFENTA-nitraus oxide/oxygen produced reductions in cerebral 
blood flow comparable to those of enflurane-nitrous oxide/oxygen. During cardiovascular surgery, SUFENTA-oxygen 
produced EEG patterns similar to fentany!-oxygen: these EEG changes were judged to be compatible with adequate 
general anesthesia. 

The intraoperative use of SUFENTA at anesthetic dosages maintains cardiac output, with a slight reduction in systemic 
vascular resistance during the initial postoperative period. The incidence of postoperative hypertension, need for 
vasoactive agents and requirements far postoperative analgesics are generally reduced in patients administered 
moderate or high doses of SUFENTA as compared to patients given inhalation agents. 

Skeletal muscle rigidity is related to the dose and speed of administration of SUFENTA. This muscular rigidity may 
occur unless preventative measures are taken (See Warnings). 

Decreased respiratory drive and increased airway resistance occur with SUFENTA. The duration and degree of 
respiratory depression are dase related when SUFENTA is used at sub-anesthetic dosages. At high doses. a prorpunced 
decrease in pulmonary exchange and apnea may be produced. 

INDICATIONS AND USAGE: SUFENTA (sufentanil citrate)is indicated: 

as an analgesic adjunct in the maintenance of balanced general anesthesia. 

as a primary anesthetic agent for the induction and maintenance of anesthesia with 100% oxygen in patients under- 
going major Surgical procedures, such as cardiovascular surgery or neurosurgical procedures in the sitting position, 
to provide favorable myocardial and cerebral oxygen balance or when extended postoperative ventilation is anticipated. 
SEE DOSAGE CHART FOR MORE COMPLETE INFORMATION ON THE USE OF SUFENTA. 

CONTRAINDICATIONS: SUFENTA is contraindicated in patients with known hypersensitivity to the drug. 
WARNINGS: SUFENTA should be administered only by persons specifically trained in the use of intra- 
venous anesthetics and management of the respiratory effects ot potent opioids. 

An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily available. 
SUFENTA may cause skeletal muscie rigidity. particularly of the truncal muscles. The incidence and severity of 
muscle rigidity is dose related. Administration of SUFENTA may produce muscular rigidity with a mare rapid onset 
than that seen with fentanyl. SUFENTA may produce muscular rigidity that involves the skeletal muscles of the neck 
and extremities. The incidence can be reduced by: 1) administration of up to Ya of the full paralyzing dose of a non- 
depolarizing neuromuscular blocking agent just prior to administration of SUFENTA at dosages of up te 8 pg/kg, 
2) administration of a full paralyzing dose of a neuromuscular blocking agent following loss of consciousness when 
SUFENTA is used in anesthetic dosages (above 8 g/kg) titrated by slow intravenous infusion, of, 3) simultaneous 
administration of SUFENTA and a full paralyzing dose of a neuromuscular blocking agent when SUFENTA is used in 
rapidly administered anesthetic dosages (above 8 pg/kg). 

The neuromuscular blocking agent should be compatible with the patient's cardiovascular status Adequate facilities 
Should be available for postoperative monitoring and ventilation of patients administered SUFENTA It is essential that 
these facilities be fully equipped to handie all degrees of respiratory depression. 

PRECAUTIONS: General: The initial dose of SUFENTA should be appropriately reduced in elderly and debilitated 
patients. The effect of the initial dose should be considered in determining supplemental doses 

Vital signs should be monitored routinely 

Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA (see CLINICAL 
PHARMACOLOGY}. 

The hemodynamic effects of a particular muscle relaxant and the degree of skeletal muscle relaxation required should 
be considered in the selection of a neuromuscular blocking agent. 

High doses of pancuronium may produce increases in heart rate during SUFENTA-oxygen anesthesia. Bradycardia has 
been reported infrequently with SUFENTA-oxygen anesthesia and has heen responsive to atropine. 

Respiratory depression caused by opioid anaigesics can be reversed by opioid antaganists such as naloxone. Because 
the duration of respiratory depression produced by SUFENTA may last longer than the duration of the opioid antagonist 
action. appropriate surveillance should be maintained. As with ail potent opioids, profound anaigesia is accompanied 
by respiratory depression and diminished sensitivity to CO, stimulation which may persist into or recur in the post- 
operative period. Appropriate postoperative monitoring should be employed to ensure that adequate spontaneous 
breathing is established and maintained prior to discharging the patient tram the recovery area 

interaction with Other Central Nervous System Depressants: Both the magnitude and duration of central nervous 
system and cardiovascular effects may be enhanced when SUFENTA is administered te patients receiving barbiturates, 
tranquilizers, other opioids, general anesthetics or other CNS depressants. In such cases of combined treatment, the 
dose of one or both agents should be reduced. 

Head Injuries. SUFENTA may obscure the chrical course cf patients with head injuries. 

impaired Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased respiratory 
reserve or potentially compro-mised respiration. in such patients, opioids may additionally decrease respiratory drive 
and increase airway resistance. During anesthesia, this can be managed by assisted or controlled respiration. 
Impaired Hepatic or Renal Function: ia patents with fiver or kidney dysfunction, SUFENTA shouid be administered 
with caution due to the importance of these organs in the metabolism and excretion of SUFENTA 

Carcinogenesis, Mutagenesis and impairment of Fertility: No iong-term animal studies of SUFEN TAhave been 
performed to evaluate carcinagenic potential. The micronucleus test in female rats revealed that single intravenous 
doses of SUFENTA as high as 80 pg/kg (approximately 2.5 times the upper human dose) produced ne structural 
chromosome mutations. The Ames Salmonella typhimurium metabolic activating test also revealed no mutagenic 
activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits. nee 
Pregnancy Category C: SUFENTA has been shawn to have an embryacidal effect in rats and rabbits when given in 
doses 2.5 times the upper human dose for a period af 10 days te over 30 days. These effects were most probably 
due to maternal toxicity (decreased food cansumption with increased mortality) following orotcaged administration 
of the drug. 

No sade of teratogenic effects have been observed affer administration of SUFENTA im rats or rabbits 

There are no adequate and well-controlled studies in pregnant women. SUFENTA should be used durme pregnancy 
anly if the potential benefit justifies the potential rsk to the fetus. $ 


Labor and Delivery; There are insutticient data to support the use of SUFENTA in labor and delivery. Therefore, such 
use is not recommended. 

Nursing Mothers: it is not known whether this drug is excreted in human miik. Because many drugs are excreted 
if human milk, caution should be exercised when SUFENTA is administered to a nursing woman 

Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardiovascular 
surgery has been documented in a limited number of cases. 

Animal Toxicology: The intravenous LO... of SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.0 mg/kg in guinea 
pigs and 10.1 te 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of up to 2.5 times 
the upper buman dose for a period of 10 te over 30 days reveated high materna! mortality rates due to decreased food 
consumption and anoxia, which preclude any meaningful interpretation of the results. 

ADVERSE REACTIONS: The mast common adverse reactions of opioids are respiratory depression and skeletal 
muscie rigidity. See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of respiratory 
depression and skeletal muscle rigidity 

The most frequent adverse reactions in clinical trials involving 320 patients administered SUFENTA were: hypotension 
(7%). hypertension (3%), chest wall rigidity (3%} and bradycardia (3%). 

Other adverse teactions with a reported incidence of less than 14 were: Be 
Cardiovascular: tachycardia, arrhythmia Dermatological: itching, erythema é 
Gastrointestinal: nausea, vomiting Central Nervous System: chills ü 
Respiratory: apnea, postoperative respiratory Miscellaneous: intraoperative muscle movement { 
depression, bronchospasm 7 
DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule if controlled drug substance that can 
produce drug dependence of the morphine type and therefore has the potential for being abused. 

OVERDOSAGE: Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA (see 
CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of overdosage withe 
SUFENTA have been established during clinical trials. The intravenous LDsa of SUFENTA in male rats is 9.34 to 12.5 
mg/kg {see ANIMAL TOXICOLOGY for LDso5 in other species). intravenous administration of an opioid antagonist such 
3s Naloxone should be employed as a specific antidote to manage respiratory depression. The duration of respiratory 
depression following overdosage with SUFENTA may be longer than the duration of action of the opioid antagonist, 
Adminstration of an apiaid antagonist should not preclude more immediate countermeasures. in the event of over 
dosage, oxygen should be administered and ventilation assisted or controlled as indicated for hypoventilation or apne 

A petent airway must be maintained, and a nasopharyngeal airway or endotracheal tube may be indicated. if depresse 
respiration is associated with muscular rigidity, a neuromuscular blocking agent may be required to facilitate assiste 

or controlled respiration. Intravenous fluids and vasopressors for the treatment of hypotension and other supporti 
measures may be employed. 

DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according to body _ 
weight, physical status, underlying pathological condition, use of other drugs, and type of surgical procedure andi 
anesthesia. in obese patients (more than 20% above ideal tota! body weight), the dosage of SUFENTA should b 
determined on the basis of lean body weight. Dosage should be reduced in elderly and debilitated patients {sees 
PRECAUTIONS). 

Vital signs should be monitored routinely. 

See dosage (ange chart for the use of SUFENTA by intravenous injection 1) in doses of up to 8 g/kg as an analgesic 
adjunct ta general anesthesia, and 2) in doses >8 pg/kg as a primary anesthetic agent for induction and mainte 
nance of anesthesia with 100% oxygen. 

Usage in Children: For induction and maintenance of anesthesia in children less than 12 years of age undergoing 
cardiovascular surgery, an anesthetic dose of 10-25 pg/kg administered with 100% oxygen is generally recommended: 
Supplemental dosages of up to 25-50 pg are recommended for maintenance, based on response to initial dose and 
as determined by changes in vitat signs indicating surgical stress or lightening of anesthesia. 







_ Premedication: The selection of preanesthetic medications should be based upon the needs of the individual patient 


Neuromuscular Blocking Agents: The neuromuscular blocking agent selected should be compatible with the 
patient's condition, taking into account the hemodynamic effects of a particular muscle relaxant and the degree of 
skeletal muscle relaxation required (see CLINICAL PHARMACOLOGY WARNINGS and PRECAUTIONS). 


ae ADULT DOSAGE RANGE CHART 
| TOTAL DOSAGE | MAINTENANCE DOSAGE 
ADMINISTRATION WITH NITROUS OXIDE/OXYGEN FOR SURGICAL PROCEDURES 
LASTING UP TO EIGHT HOURS: 


© TOTAL DOSAGE REQUIREMENTS OF 1:;6/KG/HR OR LESS ARE RECOMMENDED 


| 

f 

| 1-2 pg/kg: Expected duration of anesthesia +2 | 10-25 ug (0.2-0.5 mi): as needed when movement 

| hours. Approximately 75% or more of total SUFENTA | and/or changes in vital signs indicate surgical stress 
dosage may be administered prior to intubation. | or lightening of analgesia. Supplemental dosages 

| Administered with nitrous oxide/oxygen in patients Should be individualized and adjusted ta remaining 

: undergoing general surgery in which endotracheal operative time anticipated. 

| intubation and mechanical ventilation are required. 

| 

{ 

| 


2-8 pg/kg: Expected duration af anesthesia 2-8 
hours. Approximately 50 to 75% of total SUFENTA 
dosage may be administered prior to intubation. 
Administered with nitrous oxide/oxygen in patients 
undergoing more complicated major surgical proce- 
dures. At dosages in this range, SUFENTA has been 
shawn to provide some attenuation of sympathetic 
reflex achivily in response to surgical stimuli, provide 
hemodynamic stability, and provide relatively rapid 
recovery. 


10-56 pg (0.2-1 mf): as determined by changes in 
vital signs that indicate stress or lightening of anat- 
gesia. Supplemental dosages shouid be individual- 
ized, and adjusted to the remaining operative time 
anticipated. 
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ADMINISTRATION 


8-30 pg/kg: (anesthetic doses} administered with 
100% oxygen and a muscle relaxant. SUFENTA has 
been found to produce steep at dosages D8 pg/kg 
and ta maintain a deep ievel at anesthesia without 
the use of additional anesthetic agents. At dosages 
in this range of up to 25 pg/kg, catecholamine 
release is attenuated. Dosages af 25-30 pg/kg have 


| ITH 100% OXYGEN 
| 

: 

| been shown to block sympathetic responses including 

| 

H 

; 

| 

! 


25-50 ug/kg (0.5-1 mi): as determined by changes 
in vital signs that indicate stress and lightening of 
anesthesia. | 


| 
Í 
| 
catecholamine release. High doses are indicated in | 
patients undergoing major surgical procedures, such 
as cardiovascular surgery and neurosurgery in the | 
sitting position with maintenance of favorable myo- | 
cardial and cerebral oxygen balance. Postoperative | 
mechanical ventilation and observation are essentia: 
at these dosages due to extended postoperative 


| cespiratory Hepression. rE PT ES Ee ee 


in patients administered high (anesthetic) doses of SUFENTA, it is essential that qualified personnel and ad 
facilities are available for the management of postoperative respiratory depression. 

Also see WARNINGS and PRECAUTIONS sections. 

For purpases of administering smali volumes of SUFENTA accurately, the use of a tuberculin syringe or equi 
is recommended. 

Parenteral drug products should be mspected visually for particulate matter and discoloration prior to admi 
whenever solution and camtainer permit, 

HOW SUPPLIED: SUFENTA (sufentanil citrate) injection for intravenous use is available as: 

NDC 50458-050-01 50 ug/ml, | mi ampoules in packages of 10 

NOC 50458-050-02 50 ug/ml, 2 mi ampaules in packages of 10 Prote 
NOC 50458-050-05 50 ugimi, 5 mi ampoules in packages of 10 Store at room 
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Janssen Pharmaceutica fac. 
Piscataway, NJ 08854 
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Introducing the only tlberscope | 
designed for the anesthesiologist - 


Olympus LF-1 
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The Olympus LF- Intubation Scope 
designed specifically for: 


e problem intubations 

e double lumen tube placement 

e endotracheal tube changes 

e preoperative airway assessment 

e evaluation of upper airway damage 


~The LF- 
Incorporates 
features most 
requested by 
anesthesiologists* 


60cm working length (longer than a 
bronchoscope) accommodates all oral and 
nasal intubation techniques used in your hos- 
pital, making the LF-1 truly versatile. 


Thin 4mm insertion tube allows you to pass 
the LF-1 through all double lumen endobronchial 
tubes and endotracheal tubes even as small as 
omm. But the LF-1 is firm enough to prevent buckling 
should you choose a larger ET tube. 


Superior optics. You'll appreciate how the increased 

image size, high resolution and 75° field of view simplify 

Identification of anatomic structures and orientation within 
the pharynx. 


1.2mm channel gives you additional versatility for instill- 
ing anesthetics and removing secretions. 


Balanced tip deflection lets you choose the intubat- 
ing position that’s most comfortable for yOu. 


Lightweight control section allows convenient If F 
thumb-operated tip deflection with either hand. | 


= Fullimmersibility assures you of 100% cleaning 
i and disinfecting. If you choose, the LF-1 can also 
\ be safely gas sterilized. 


Affordable. With all its advantages, the OLYM PUS 


’@, LF- is priced substantially below a SUPERIORITY YOU CAN SEE. 
\ bronchoscope. 4 Olympus Corporation 
a LA Medical Instrument Division 
4 Nevada Drive 
Lake Success, New York 11042 
800-342-1673 


*From a market survey conducted by Olympus Corporation in January, 1983 (MORE Nlumni ie Darnaratina 





IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.” To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the IARS B.B. Sankey Anesthesia 
Advancement Award 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below; who complete the 
appropriate application and submit it to the IARS Cleveland office with the applicable dues. 
All memberships include a subscription to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the IARS annual meeting, Educational 
Members pay no registration fee. 


.... MEMBERSHIP CATEGORIES .... 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM); and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS), 
and other allied health professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $50.00 U.S.; $61.00 foreign. 
These memberships are entered on a calendar year basis only. 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs, nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 


Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 


International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 





Please send me _______- application(s) for: Membership ( ) 
Associate Membership (___—) 
Educational Membership (——_) 


Please print clearly: 
Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 


Street Address City, State, Zip Code (country) 


All 


Wherever 
you need rapid © 
control... 
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Blood pressure control 
when you want it... .fast 


Acts in one minute; 

full effect in five to ten minutes | 
TRANDATE Injection reduces blood pressure and 
peripheral resistance smoothly and predictably. 
Each IV dose achieves its full effect in five to ten 
minutes. After control is attained, blood pressure 
may be controlled for up to 12 to 16 hours. 


l Maintains heart rate and cardiac output 


TRANDATE Injection has no significant effect on 
myocardial function * 


LJ Well tolerated 


The most common adverse reactions include 
postural hypotension,’ dizziness,’ paresthesias, 
increased sweating and nausea. See ADVERSE 
REACTIONS section of Prescribing Information 
before administering. 


|_| An original product of Glaxo research 
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tTRANDATE Injection is contraindicated im bronchial asthma, overt 
cardiac faure, preater than fust- depres heart block, 
cardiogenic shock and severe bradycardia. 

t The episodes of postural hypotension and dizziness occurred 
primardy in one study um which patients were placed m an upright 
position within three hours of dosing for evaluation. 


Patents should be kept in Une supine position dunne AV crap 


admuristation See DOSAGE AND ADMINISTRATION section of 
Prescnbing information before hang therapy 


EDC, 


See next page fora Brief Sunumnary 
of Presembing Information 
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labetalol HCW/GIAXO 20 mi, 5 maim 
RAPID, PREDICTABLE BLOOD PRESSURE CONTROL 


TRANDATE® BRIEF SUMMARY 
(labetalol hydrochloride) OF PRODUCT INFORMATION 
Injection 


INDICATIONS AND USAGE: TRANDATE® (labetalol HCI) Injection is indicated for control of blood 
pressure in severe hypertension. 

CONTRAINDICATIONS: TRANDATE® Injection is contraindicated in bronchial asthma, overt car- 
diac failure, greater than first degree heart block, cardiogenic shock, and severe bradycardia 
(see WARNINGS). 

WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital component supporting circula- 
tory function in congestive heart failure. Beta blockade carries a potential hazard of further 
depressing myocardial contractility and precipitating more severe failure. Although beta- 
blockers should be avoided in overt congestive heart failure, if necessary, labetalol HCI can be 
used with caution in patients with a history of heart failure who are well-compensated. Conges- 
tive heart failure has been observed in patients receiving labetalol HCI. Labetalol HCI does not 
abolish the inotropic action of digitalis on heart muscle. 

In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, con- 
tinued depression of the myocardium with beta-blocking agents over a period of time can in 
some cases lead to cardiac failure. At the first sign or symptom of impending cardiac failure, 
patients should be fully digitalized and/or be given a diuretic, and the response observed 
Closely. If cardiac failure continues, despite adequate digitalization and diuretic, TRANDATE® 
therapy should be withdrawn (gradually, if possible). 

Ischemic Heart Disease: Angina pectoris has not been reported upon labetalol HCI discontinua- 
tion. However, following abrupt cessation of therapy with some beta-blocking agents in patients 
with coronary artery disease, exacerbations of angina pectoris and, in some cases, myocardial 
infarction have been reported. Therefore, such patients should be cautioned against interrup- 
tion of therapy without the physician's advice. Even in the absence of overt angina pectoris, 
when discontinuation of TRANDATE is planned, the patient should be carefully observed and 
should be advised to limit physical activity. If angina markedly worsens or acute coronary insuf- 
ficiency develops, TRANDATE administration should be reinstituted promptly, at least tempo- 
rarily, and other measures appropriate for the management of unstable angina should be taken. 
Nonallergic Bronchospasm (eg, chronic bronchitis and emphysema): Since TRANDATE Injection 
at the usual intravenous therapeutic doses has not been studied in patients with nonallergic 
bronchospastic disease, it should not be used in such patients. 

Pheochromocytoma: Intravenous labetalol HC! has been shown to be effective in lowering the 
blood pressure and relieving symptoms in patients with pheochromocytoma; higher than usual 
doses may be required. However, paradoxical hypertensive responses have been reported ina 
few patients with this tumor; therefore, use caution when administering labetalol! HCI to 
patients with pheochromocytoma. 

Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of 
premonitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially 
important with labile diabetics. Beta-blockade also reduces the release of insulin in response 
to hyperglycemia; it may therefore be necessary to adjust the dose of antidiabetic drugs. 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy prior to major 
surgery is controversial. Protracted severe hypotension and difficulty in restarting or maintain- 
ing a heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha- 
adrenergic activity has not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see Drug 
Interactions under PRECAUTIONS). 

Rapid Decreases of Blood Pressure: Caution must be observed when reducing severely elevated 
blood pressure. Although such findings have not been reported with intravenous labetalo! HCI, 
a number of adverse reactions, including cerebral infarction, optic nerve infarction, angina and 
ischemic changes in the electrocardiogram, have been reported with other agents when severe- 
ly elevated blood pressure was reduced over time courses of several hours to as long as 1 or 2 
days. The desired blood pressure lowering should therefore be achieved over as long a period of 
time as is compatible with the patient's status. 

PRECAUTIONS: General: Impaired hepatic function may diminish metabolism of TRANDATE® 
Injection. 

Hypotension: Symptomatic postural hypotension (incidence 58%) is likely to occur if 
patients are tilted or allowed to assume the upright position within 3 hours of receiving 
TRANDATE Injection. Therefore, the patient's ability to tolerate an upright position should be 
established before permitting any ambulation. 

Jaundice or Hepatic Dysfunction: On rare occasions, oral labetalol HCI has been associated 

with jaundice (both hepatic and cholestatic). It is therefore recommended that treatment with 
labetalol HCI be stopped immediately should a patient develop jaundice or laboratory evidence 
of liver injury. Both have been shown to be reversible on stopping therapy. 
Information for Patients: The following information is intended to aid in the safe and effective 
use of this medication. It is not a disclosure of all possible adverse or intended effects. During 
and immediately following (for up to 3 hours) TRANDATE Injection, the patient should remain 
supine. Subsequently, the patient should be advised on how to proceed gradually to become 
ambulatory, and should be observed at the time of first ambulation. 

When the patient is started on TRANDATE Tablets, following adequate control of blood 
pressure with TRANDATE Injection, appropriate directions for titration of dosage should be 
provided (see DOSAGE AND ADMINISTRATION). 

As with all drugs with beta-blocking activity, certain advice to patients being treated with 
labetalol HCI is warranted: While no incident of the abrupt withdrawal phenomenon (exacerba- 
tion of angina pectoris) has been reported with labetalol HCI, dosing with TRANDATE Tablets 
should not be interrupted or discontinued without a physician's advice. Patients being treated 
with TRANDATE Tablets should consult a physician at any sign of impending cardiac failure. 
Also, transient scalp tingling may occur, usually when treatment with TRANDATE Tablets is 
initiated (see ADVERSE REACTIONS). 

Laboratory Tests: Routine laboratory tests are ordinarily not required before or after intravenous 
labetalol HCI. In patients with concomitant illnesses, such as impaired renal function, appro- 
priate tests should be done to monitor these conditions. 

Drug Interactions: Since TRANDATE (labetalol HC!) Injection may be administered to patients 
already being treated with other medications, including other antihypertensive agents, careful 
monitoring of these patients is necessary to detect and treat promptly any undesired effect 
from concomitant administration. 

In one survey, 2.3% of patients taking labetalol HCI orally in combination with tricyclic 
antidepressants experienced tremor as compared to 0.7% reported to occur with labetalol HCI 
alone. The contribution of each of the treatments to this adverse reaction is unknown, but the 
possibility of a drug interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta- 
receptor agonist drugs in patients with bronchospasm; therefore, doses greater than the 
normal anti-asthmatic dose of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCI administered 
orally. Since this could be explained either by enhanced absorption or by an alteration of 
hepatic metabolism of labetalol HCI, special care should be used in establishing the dose 
required for blood pressure control in such patients. 

Synergism has been shown between halothane anesthesia and intravenously administered 
labetalol HCI. During controlled hypotensive anesthesia using labetalol HCI in association with 
halothane, high concentrations (3% or above) of halothane should not be used because the 
degree of hypotension will be increased and because of the possibility of a large reduction in 
Cardiac output and an increase in central venous pressure. The anesthesiologist should be 
informed when a patient is receiving labetalol HCI, 

Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing 
its hypotensive effect. If labetalol HCI is used with nitroglycerin in patients with angina 
pectoris, additional antihypertensive effects may occur. 
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TRANDATE® (labetalol hydrochloride) Injection 


Drug'Laboratory Test Interactions: The presence of a metabolite of labetalol HCI in the urine may 
result in falsely increased levels of urinary catecholamines when measured by a nonspecific 
trihydroxyindole (THI) reaction. In screening patients suspected of having a pheochromocy- 
tome and being treated with labetalol HCI, specific radioenzymatic or high performance liquid 
chromatography assay techniques should be used to determine levels of catecholamines or 
their metabolites. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with labeta- 
lol HCI for 18 months in mice and for 2 years in rats showed no evidence of carcinogenesis. 
Studies with labetalol HCI, using dominant lethal assays in rats and mice, and exposing micro- 
organisms according to modified Ames tests, showed no evidence of mutagenesis. 

Pregnancy Category C: Teratogenic studies have been performed with labetalol HCI in rats and 
rabbits at oral doses up to approximately 6 and 4 times the MRHD, respectively. No reproduc- 
ible evidence of fetal malformations was observed. Increased fetal resorptions were seen in 
both species at doses approximating the MRHD. There are no adequate and well-controlled 
Studies in pregnant women. Labetalol should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 

Nonteratogenic Effects: Infants of mothers who were treated with labetalol HCI for hypertension 
during pregnancy did not appear to be adversely affected by the drug. Oral administration of 
labetalol to rats during late gestation through weaning at doses of 2 to 4 times the MRHD 
Caused a decrease in neonatal survival. 

Labor and Delivery: Labetalo! HCI given to pregnant women with hypertension did not appear to 
affec? the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are 
excreted in human milk. Caution should be exercised when TRANDATE (labetalol HCI) Injec- 
tion is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: TRANDATE® Injection is usually well tolerated. Most adverse effects have 
been mild and transient and, in controlled trials involving 92 patients, did not require labetalol 
HCI withdrawal. Symptomatic postural hypotension (incidence 58%) is likely to occur if 
patients are tilted or allowed to assume the upright position within 3 hours of receiving 
TRANDATE Injection. Moderate hypotension occurred in 1 of 100 patients while supine. 
Increased sweating was noted in 4 of 100 patients, and flushing occurred in 1 of 100 patients. 

The following also were reported with TRANDATE Injection with the incidence per 100 
patients as noted: 

Cardiovascular System: Ventricular arrhythmia in 1. 

Central and Peripheral Nervous Systems: Dizziness in 9; tingling of the scalp/skin in 7; 
hypoesthesia (numbness) and vertigo in 1 each. 

Gastrointestinal System: Nausea in 13; vomiting in 4; dyspepsia and taste distortion in 1 
each. 

Metabolic Disorders: Transient increases in blood urea nitrogen and serum creatinine 
levels occurred in 8 of 100 patients; these were associated with drops in blood pressure, gener- 
ally in patients with prior renal insufficiency. 

Psychiatric Disorders: Somnolence/yawning in 3. 

Respiratory System: Wheezing in 1. 

Skin: Pruritus in 1. 

The incidence of adverse reactions depends upon the dose of labetalol HCI. The largest 
experience is with oral labetalol HCI (see TRANDATE Tablet Product Information for details). 
Certain of the side effects increased with increasing oral dose as shown in the table below 
which depicts the entire U.S. therapeutic trials data base for adverse reactions that are prob- 
ably or possibly dose-related. 





Labetalol HCI 

Daily Dose (mg) 200 300 400 600 800 900 1200 1600 2400 
Number of Patients 522 181 606 608 503 117 411 242 175 
Dizziness (%) 2 3 3 3 5 l 9 13 16 
Fatigue 2 l 4 4 5 3 7 6 10 
Nausea zi 0 l 2 4 0 7 11 19 
Vomiting 0 0 <l <1 <l 0 l 2 3 
Dyspepsia l 0 2 l l 0 2 2 4 
Paresthesias 2 0 2 2 l l 2 5 5 
Nasal Stuffiness l l 2 2 2 2 4 5 6 
Ejaculation Failure 0 2 l 2 3 0 4 3 5 
Impotence l 1 1 l 2 4 3 4 3 
Edema l 0 l l l 0 l 2 2 





The oculomucocutaneous syndrome associated with the beta-blocker practolol has not 
been reported with labetalol HCI during investigational use and extensive foreign marketing 
experience. 

Clinical Laboratory Tests: Among patients dosed with TRANDATE Tablets, there have been 
reversible increases of serum transaminases in 4% of patients tested and, more rarely, revers- 
ible increases in blood urea. 

OVERDOSAGE: Overdosage with TRANDATE® Injection causes excessive hypotension which is 
posture sensitive and, sometimes, excessive bradycardia. Patients should be laid supine and 
their legs raised if necessary to improve the blood supply to the brain. The following additional 
measures should be employed if necessary: Excessive bradycardia—administer atropine 
(3.0 mg). If there is no response to vagal blockade, administer isoproterenol cautiously. Cardiac 
failure—administer a digitalis glycoside and diuretic. Hypotension—administer vasopres- 
sors, eg, norepinephrine. There is pharmacological evidence that norepinephrine may be the 
drug of choice. Bronchospasm—administer a betay-stimulating agent and/or a theophylline 
preparation. 

If overdosage with labetalol HCI follows oral ingestion, gastric lavage or pharmacologically 
induced emesis (using syrup of ipecac) is useful for removal of the drug shortly after ingestion. 
Labetalol HCI can be removed from the general circulation by hemodialysis. 

The oral LDs5o value of labetalol HCI in the mouse is approximately 600 mg/kg and in the 

rat is greater than 2 g/kg. The intravenous LDsọ in these species is 50 to 60 mg/kg. 
DOSAGE AND ADMINISTRATION: Initiation of Dosing with TRANDATE Tablets: Subsequent oral dos- 
ing with TRANDATE Tablets should begin when it has been established that the supine diastolic 
blood pressure has begun to rise. The recommended initial dose is 200 mg, followed in 6-12 
hours by an additional dose of 200 mg or 400 mg, depending on the blood pressure response. 
Thereafter, inpatient titration with TRANDATE Tablets may proceed as follows: 





Inpatient Titration Instructions 
Regimen Daily Dose* 
200 mg bid 400 mg 
400 mg bid 800 mg 


800 mg bid 1600 mg 
1200 mg bid 2400 mg 


“If needed, the total daily dose may be given in three divided doses. 


While in the hospital, the dosage of TRANDATE (labetalol HCI) Tablets may be increased at 
one-day intervals to achieve the desired blood pressure reduction. 
HOW SUPPLIED: TRANDATE® Injection, 5 mg/ml, is supplied in 20 mi (100 mg) ampuls, box of 
1 (NDC 0173-0350-59). 
Store between 2° and 30°C (36° and 86°F). Do not freeze. 


Glaxo 


Manufactured for Glaxo Inc. 

Research Triangle Park, NC 27709 

by Schering Pharmaceutical Corporation (PR) 
Manati, PR 00701 
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eter Corp. and 
-of-the-art” monitoring probes in both disposable and unique 
limited re-use kits. With carefully designed-in patient and user benefits, Sheridan and YSI products 
are compatible with almost every patient monitoring system in use. Quality, sensitivity and reliability 

at economical cost — there’s a clear choice for almost every medical application. 


SHERIDAN SONATEMP™ , the 

esophageal stethoscope with YSI Series 3 
400 or 700 Thermistor Probe. Consistent | 
and reliable monitoring of heart and 

ventilatory sounds and core temperatures. 





SHERIDAN/FO-LY-CATH™, with 
YSI Series 700 Thermistor Probe, now 
/ lets you accurately and continuously 
ee ee cg SHERIDAN SONATEMP/LTU™. with 
raha oa ongas PSI Series Aor 700 Those ees) 
The limited re-use YSI Thermistor with 
disposable esophageal stethoscopes, 
available in kit form. A significant innova- 
tion bringing temperature monitoring with 
| stethoscopic capabilities into routine 


| patient use. 

| For detailed information 

| and immediate response, write or call 

_ © SHERIDAN CATHETER CORP, SHERIDAN SHER-I-TEMP/LTU™ , 
l Marketing Department 

| Route 40, Argyle, New York 12809. 
| (518) 638-6101 Telex: 926242 


for precise pediatric nasopharyngeal/ 
rectal temperature monitoring, 
with limited re-use YSI Series 
a 400 Thermistor Probe and 
| disposable sheaths, 
in kit form. 
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From the established innovator in design and manufacturing, Sheridan Catheter Corp. offers the 
widest selection with uncompromising quality and unique features for patient and user convenience. 
From Pediatric to Adult needs, with specialty kits and accessories, Sheridan has tracheal tubes 

to meet almost any medical application. 


SHERIDAN /FLEXIBEND™, the newest innovation {| — sy i 
in tracheal tubes. Designed for both Oral and Nasal use, p = "m" ni 3 
Ẹ it can be cut to desired length with limitless positioning either r 
EI down over the lip or up over the nose. Available in most popular sizes, 
Adult Cuffed and Pediatric Uncuffed. 









SHERIDAN/HVT™, the tracheal tube that set a 
new industry standard. High Volume Tapered, low 








\ pressure cuff and X-Ray line from tip to connector. i 
Pre-cut marks and smooth, well-shaped Murphy eye. _ OoOo -” 
\ Oral or Nasal use, available in most popular sizes. ( Pe es 
| ( : a 








; SHERIDAN/SPIRAL-FLEX™ , the ultimate 
NVA in reinforced tracheal tubes. Designed to reduce the 
A risks of kinking in long term surgical cases involving the 
extension or extreme flexion positioning of the patient’s neck. 
Popular sizes in both Oral pre-cut, with inserted 
stylet, and Nasal standard length. 











SHERIDAN/HVT 
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NORCURON 
(vecuronium bromide) injection 


for safety and 
predictability in a 
wide variety of 
surgical procedures. 


IN A CLASS 
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NORCURON 


(vecuronium bromide) injection 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS ACTIONS. CHARAC. 


TERISTICS, AND HAZARDS. 





DESCRIPTION: NORCURON® (vecuronium bromide injection) is a nondepolarizing neuromuscular blocking agent of intermediate 


duration, chemically designated as piperidinium. 1-((2 8, 3a, 5a, 168. 17B}-3.17-bis(acetyloxy)-2-(1-piperidinyiandrostan-16- 


yl]-1-methyl-. bromide. The structural formula is: 


Norcuron* is supplied as a sterile honpyrogenic freeze-dried buffered cake of very fine microscopic crystalline particles for 
intravenous injection only. Following reconstitution with solvent (water for injection) the resultant solution is isotonic and has apH 
of 4. Each 5 mi vial contains 10 mg vecuronium bromide. Each vial also contains citric acid, dibasic sodium phosphate. sodium 
hydroxide, and/or phosphoric acid to buffer and adjust pH and mannitol to make isotonic. 


the inhalation of entiurane, isoflurane, or halothane. or when Steady State has been achieved. the intubating dose of Norcuron® may 
be decreased by approximately 15% (see DOSAGE AND ADMINISTRATION section}. Prior administration of Succinyicholine may 

effect of Norcuron’ and its duration of action. With succinyicholine as the intubating agent, 
orcuron* will produce complete neuromuscular block with clinical duration of action of 25-30 
minutes. If succinylcholine is used prior to Norcuron* , the administration of Norcuron® shouid be delayed until the patient starts 
recovering from succinyicholine-induced neuromuscular blockade. The effect of prior use of other nondepolanizing neuromuscular 
blocking agents on the activity of Norcuron® has not been Studied (see Drug Interactions). 


Repeated administration of maintenance doses of Norcuron* has little or no cumulative effect on the duration of neuromuscular 
blockade. Therefore, repeat doses can be administered at relatively regular intervals with predictable results. After an initial dose of 
0.08 to 0.10 mg/kg under balanced anesthesia, the first maintenance dose (suggested maintenance dose is 0.010 to 0 015 mg/kg} 
is generally required within 25 to 40 minutes: Subsequent maintenance doses, if required. may be administered at approximately 
12 to 15 minute intervais. Halothane anesthesia increases the clinical duration of the maintenance dose oniy slightly. Under 
enflurane a maintenance dose of 0.010 mg/kg is approximately equal to 0.015 mg/kg dose under balanced anesthesia. 


The recovery index {time from 25% to 75% recovery) is approximately 15-25 minutes under balanced or halothane anesthesia. 

recovery from Norcuron* neuromuscular blocking effect begins, it proceeds more rapidly than recovery from pancuronium. 
Once spontaneous recovery has started, the neuromuscular block produced by Norcuron” is readily reversed with various 
anticholinesterase agents. e.g, pyridostigmine, neostigmine. or edrophonium in conjunction with an anticholinergic agent such as 
atropine or glycopyrrolate. There have been no reports of recurarization following Satisfactory reversal of Norcuron* induced 
neuromuscular blockade: rapid recoveryisa finding consistent with its short elimination half-life 


Pharmacokinetics: At clinical doses of 0.04-0.10 mg/kg. 60-80% of Norcuron® is usually bound to plasma protein. The 
distribution half-life following a single intravenous dose (range 0.025-0.280 mg/kg) is approximately 4 minutes. Elimination half- 
life over this same dosage range is approximately 65-75 minutes in healthy surgical patients and in renal failure patients 
ungergoing transplant surgery. in iate pregnancy. elimination half-life may be shortened to approximately 35-40 minutes. The 
volume of distribution at steady state is approximately 300-400 mi/kg; systemic rate of clearance is 
approximately 3-4.5 mi/minute/kg. in man, urine recovery of Norcuron* varies from 3-35% within 24 
hours. Data derived from patients requiring insertion of a T-tube in the commen bile duct Suggests that 
25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 hours. Only 
unchanged Norcuron’ (vecuronium bromide injection} has been detected in human plasma following 
Clinical use. One metabolite, 3-deacetyi vecuronium. has been recovered in the urine of some patients 
in quantities that account for up to 10% of injected dose. 3-deacety! vecuronium has also been 
recovered by T-tube in some patients accounting for up to 25%6 of the injected dose. 


This metabolite has been judged by animal screening (dogs and cats) to have 50% or more of the 
potency of Norcuron” : equipotent doses are of approximately the same duration as Norcuron’ in dogs 
and cats. Biliary excretion accounts for about half the dose of Norcuron* within 7 hours in the 
anesthetized rat. Circulatory bypass of the liver (cat preparation) prolongs recovery from Norcuron®. 
Limited data derived from patients with cirrhosis or cholestasis suggests that some measurements of 
recovery May be doubied in such patients. In patients with renal failure, measurements of recovery do 
not differ significantly trom similar measurements in healthy patients. 


Studies involving routine hemodynamic monitoring in good risk su gical patients reveal that the 
administration of Norcuron* in doses up to three times that heeded to produce clinical retaxation (0.15 
mg/kg) did not produce clinically significant changes in systolic, diastolic or mean arterial pressure. The heart rate, under similar 
monitoring, remained unchanged in some studies and was lowered by a mean of up to 8% in other studies. A large dose of 0.28 mg/ 
kg administered during a period of no stimulation. while patients were being prepared for coronary artery bypass grafting, was not 
associated with alterations in raté-pressure-product or pulmonary capillary wedge pressure. Systemic vascular resistance was 
lowered slightly and cardiac output was increased insignificantly. (The drug has not been studied in patients with hemodynamic 
dysfunction secondary to cardiac valvular disease). Limited clinical experience (3 patients) with use of Norcuron* during surgery 
for pheochromocytoma has shown that administration of this drug is not associated with changes in blood pressure or heart sate. 


Unlike other nondepolarizing skeletal muscle relaxants, Norcuron’ has no clinically significant effects on hemodynamic parame- 
ters and wili not counteract those hemodynamic changes or known side effects produced by or associated with anesthetic agents. 


Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 Patients indicate that 
hypersensitivity reactions such as bronchospasm, flushing, redness, hypotension, tachycardia, and other reactions commonly 
associated with histamine release are untikely to occur. 


INDICATIONS AND USAGE: Norcuron’ is indicated as an adjunct to general anesthesia, to facilitate endotracheal intubation and to 
provide skeletal muscle relaxation during Surgery or mechanical ventilation. 


CONTRAINDICATIONS: None known. 


_ AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST BE PREPARED TO 
ASSIST OR CONTROL RESPIRATION. in patients who are known to have myasthenia gravis or the myasthenic (Eaton-Lambert} 
iyndrome, small doses of Norcuron® may have profound effects. in such patients. a peripheral nerve stimulator and use of a smal! 
est dose may be of value in monitoring the response to administration of muscie relaxants. 


*RECAUTIONS: Renal Failure: Norcuron” is well-tolerated without clinically significant prolongation of neuromuscular blocking 
iffect in patients with renal failure who have been optimally prepared for surgery by dialysis. Under emergency conditions in 
inephric patients some prolongation of neuromuscular blockade may occur, therefore. if anephric patients cannot be prepared for 
‘On-elective surgery, a lower initial dose of Norcuron® shouid be considered. 


ittered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease, old age, edematous states 
esulting in increased volume of distribution may contribute to a delay in onset time: therefore dosage should not be increased. 


lepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time in keeping with 
1€ role the liver plays in Norcuron* metabolism and excretion (see Pharmacokinetics). Data currently available do not permit 
osage recommendations in patients with impaired liver function. 


NDER THE ABOVE CONDITIONS, USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING OF NEUROMUSCU- 
AR BLOCKING EFFECT WILL PRECLUDE INADVERTENT EXCESS DOSING. 


evere Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose airway and/or 
antilatory problems requiring special care before. during and after the use of neuromuscular blocking agents such as Norcuron’. 


lalignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of triggering a potentially fatal 
fpermetabolism of skeletal muscle known as malignant hyperthermia. There are insutficient data derived from screening in 
isceptibie animals (swine) to establish whether or not Norcuron? is Capable of triggering malignant hyperthermia 


rcuron* has no known effect on consciousness. the pain threshold or cerebration. Administration must be accompanied by 
lequate anesthesia. 


‘ug Interactions: Prior administration of Succinyicholine may enhance the neuromuscular blocking effect of Norcuron* 
ecuronium bromide injection) and its duration of action. if succinyicholine is used before Norcuron®, the administration of 
wcuron” should be delayed until the Succinylcholine effect shows signs of wearing off. With succinyicholine as the intubating 
ent, initial doses of 0.04-0.06 mg/kg of Norcuron® may be administered to produce complete neuromuscular block with clinical 
ration of action of 25-30 minutes (see CLINICAL PHA MACOLOGY). The use of Norcuron? betore succinyicholine, in order to 
‘@nuate some of the side effects of succinyicholine, has not heen sufficiently studied. 
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Sther nondepolarizing neuromuscular blocking agents (pancuromium, d-tubocurarine, metocurine. and gallamine) act in the sz 
fashion as does Norcuron”: therefore these drugs and Norcuron* may manifest an additive effect when used together. There 
insufficient data to support concomitant use of Norcuron® and other competitive muscle relaxants in the same patient. 


Inkaiational Anesthetics: Use of volatile inhalational anesthetics such as enflurane, isoflurane, and halothane with Norcuron* 
enrvance neuromuscular blockade. Potentiation is most prominent with use of enfiurane and isoflurane. With the above agents 
inital dose of Norcuron* may be the same as with balanced anesthesia unless the inhalational anesthetic has been administered 
a Sifficient time at a sufficient dose to have reached clinical equilibrium (see CLINICAL PHARMACOLOGY). 


Antibiotics: Parenteral/intraperitoneal administration of high doses of certain antibiotics may intensify or produce neuromusey 
block on their own. The following antibiotics have been associated with various degrees of paralysis: aminoglycosides (such 
neomycin, streptomycin, kanamycin, gentamicin, and dihysrostreptamycin); tetracyclines: bacitracin: polymyxin B; colistin: ; 
sodium colistimethate. if these or other newly introduced antibiotics are used in conjunction with Norcuron® during surge 
unexpected prolongation of neuromuscular block should be considered a possibility. 


Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants Suggests that recurr 
paralysis may occur. This possibility must also be considered for Norcuron*®. Noreuron® induced neuromuscular blockade | 
been counteracted by alkalosis and enhanced by acidosis in experimental animals (cat). Electrolyte imbalance and diseases wh 
lead to electrolyte imbalance. such as adrenal cortical insufficiency, have been shown to alter neuromuscular blockade. Dependi 
on the nature of the imbalance, either enhancement or inhibition may be expected. Magnesium salts. administered for { 
management of toxemia of pregnancy, may enhance the neuromuscular blockade. 


Drug/iaboratory test interactions: None known. 


Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term studies in animals have not been performed to evaluz 
carcinogenic or Mutagenic potential or impairment of fertility. 


Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron®. It iS also not knoy 
whether Norcuron® can cause fetal harm when administered to a pregnant woman or can affect reproduction capacity. Norcuro1 
should be given to a pregnant woman only if clearly needed. 


Pediatric Use: infants under 1 year of age but cider than 7 weeks. also tested under halothane anesthesia, are moderately mo 
Sensitive to Norcuron* on a mg/kg basis than adults and take about 11% times as long to recover. Information presently availat 
does not permit recommendations for usage in neonates. 


ADVERSE REACTIONS: Norcuron* was well-tolerated and produced no adverse reactions during extensive clinical trials. The mo 
frequent adverse reaction to hondepoiarizing blocking agents as a class consists of an extension of the drug's pharmacologic 
action beyond the time period needed for sur ry and anesthesia. This may vary from skeletal muscle weakness to profound ar 
prolonged skeletal muscle paralysis resulting in respiratory insufficiency or apnea. 


OVERDOSAGE: There has been no experience with Norcuron* overdosage. The possibility of iatrogenic overdosage can b 
minimized by carefully monitoring muscle twitch response to peripheral nerve stimulation. 


Excessive doses of Norcuron® can be expected to produce enhanced pharmacological effects. Residual neuromuscular blockad 
beyo10 the time period needed for surgery and anesthesia may occur with Norcuron* as with other neuromuscular blockers. Thi 
may De Manifested by skeletal muscle weakness. decreased respiratory reserve, low tidal volume, or apnea. A peripheral nery 
stimt lator may be used to assess the degree of residual neuromuscular blockade and heip to differentiate residual neuromuscula 
biockade from other causes of decreased respiratory reserve. 


Respiratory depression may be due either wholly or in part to other drugs used during the conduct of genera! anesthesia such a 
harcctics, thiobarbiturates and other central nervous System depressants. Under such circumstances the primary treatment i: 
maintenance of a patent airway and manual or mechanical ventilation until complete recovery of normal respiration is assured 
Regonol” (pyridostigmine bromide injection}. neostigmine, of edrophonium. in Conjunction with atropine or glycopyrrolate wil 
usually antagonize the skeletal muscle relaxant action of Norcuron®. Satisfactory reversal can be judged by adequacy of skeleta 

muscie tone and by adequacy of respiration. A peripheral nerve stimulator may also be used to monito 
restoration of twitch height. Failure of promot reversal (within 30 minutes} may occur in the presence g! 
extreme debilitation, carcinomatosis, and with concomitant use of certain broad spectrum antibiotics, 
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Enflurane obtunds pharyngeal and laryngeal reflexes. Changes in the inspired concen- 
tration of enflurane can rapidly change anesthetic depth. Enflu rané depresses ventila- 
tion, and deeper levels of anesthesia can produce high PaCO, levels with spontaneous 
ventilation. 

Blood pressure and cardiac output decrease with induction of anesthesia. Surgical 
stimulation tends to restore these variables to near normal levels. Increases in depth 
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effects of epinephri l 
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Mechanism of Differential Epidural Block 


B. Raymond Fink, MD, FFARCS 


FINK BR. Mechanism of differential epidural block. 
Anesth Analg 1986;65:325-9. 


Pain block in obstetric epidural anesthesia is usually accom- 
panied by relatively persistent retention of motor power; 
however, the reason for this is not entirely clear. The dif- 
ferential effect has been ascribed to a relatively high resist- 
ance of large fibers to conduction block. However, recent 
results from individual axons are incompatible with that 
explanation and have prompted the suggestion that greater 
vascularity in ventral than in dorsal roots might account 
for the phenomenon. To test this hypothesis, transverse 
sections of five sets of human dorsal and ventral C-8, T-7, 
and L-5 roots were examined by an immunohistochemical 
method that is specific for factor VIII and stains the vascular 


The epidural administration of a weak solution of local 
anesthetic obtunds the pain of parturition but leaves 
motor power more or less intact. The differential effect 
is quite persistent, resembling in this the differential 
that accompanies subarachnoid spinal block, but its 
mechanism is not entirely clear. Whereas spinal anes- 
thesia presents a sympathetic efferent block that ex- 
tends several segments higher than the somatic block, 
the epidural differential extends through, but is lim- 
ited to the anesthetized segments. 

The explanations devised usually invoke fiber size 
(1,2), the claim being that small fibers are blocked by 
a lower anesthetic concentration, and much more 
quickly, than large fibers (2). However, such claims 
rest on dubious extrapolations from compound action 
potentials (3) and are inconsistent with observations 
on single fibers (4,5). Single myelinated axons become 
blocked when the anesthetic reaches a critical con- 
centration at two or three consecutive nodes of Ran- 
vier (6), involving three or four internodes. Because 
internodal length is proportional to axonal diameter, 
the diffusional build-up can take somewhat longer for 
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endothelium. A naive tally of the stained vessels failed to 
reveal any excess vascularity of the ventral roots, and the 
hypothesis was therefore rejected. However, it was noted at 
autopsy that the thin dural sleeve surrounding the roots, 
where epidural anesthetic is most likely to penetrate to the 
nerve fibers, may measure less than 5 mm from the dural 
sac to the intervertebral foramen, a distance probably too 
shart to contain three internodes of motor fibers, the min- 
imum length of fiber necessary for block by local anesthetic: 
This anatomy might help explain the clinical differential. 


Key Words: ANATOMY—spinal nerve root, vascu- 
larity. ANESTHETIC TECHNIQUES, EPIDURAL—vas- 
cularity of nerve roots. 


large fibers than for small fibers (7,5), but only by a 
few minutes (5). Persistent or “absolute” differences 
in blocking concentration were found to depend, not 
on axonal size as such (7), but on absence or presence 
of nodes of Ranvier (nonmyelination or myelination), 
or the presence of a heminode (junction of a non- 
myelinated stretch of axon), the respective mean crit- 
ical blocking concentrations being approximately in 
the ratios 3:2:1, or about 0.6, 0.4, and 0.2 mmol/L 
(roughly 15, 10, and 5 mg/dl), respectively (4). Such 
smail differences are unlikely to account for persistent 
differential blocks. 

In searching for other possible mechanisms of per- 
sistent differential block, one could appeal, in the case 
of spinal anesthesia, to frequency-dependent -block 
(8). In this phenomenon, repetitive impulses effect a 
cumulative depression of sodium currents such that 
block occurs in the presence of a concentration of 
anesthetic otherwise not quite sufficient to block con- 
duction. Preganglionic sympathetic fibers convey 
“tonic” repetitive vasoconstrictor impulses (9) that 
could, at least in theory, effect such a frequency-de- 
pendent (use-dependent) block craniad to the anal- 
gesic segments. However, such an explanation is not 
applicable to the differential block of epidural anes- 
thesia. Here another factor would have to intervene, 
such as a greater blood flow through ventral than 
through dorsal spinal roots. A more rapid removal of 
drug from the ventral roots might selectively prevent 
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block of the skeletal motor fibers. To investigate this 
possibility, a morphometric study of the vascularity 
of the roots of human spinal nerves was performed. 


Methods 


Tissues were taken at autopsy from five adults who 
had died from causes unrelated to central nervous 
system disease. The roots were accessed ventrally, 
after removing the viscera and sawing through the 
pedicles of the vertebrae. The lumbar and thoracic 
vertebral bodies and discs were removed en bloc, 
thereby exposing the contents of the spinal canal with 
a minimum of disturbance. The ventral surface of the 
dural sac was slit longitudinally to expose the cauda 
equina and spinal cord. Intrathecal portions of the 
dorsal and ventral roots of C-8, T-7, and L-5 were 
excised and studied from each individual. 

The specimens were fixed in formalin, embedded 
in paraffin, and cut into 5-um transverse sections that 
were mounted on slides and treated by an immu- 
nohistochemical method to yield a black reaction 
product in the endothelium of the blood vessels (10). 
The immunoperoxidase technique (11) as described 
by Hsu et al. (12) was followed. In brief, the section 
undergoes preliminary digestion with pronase, and 
is then incubated, first, with the primary antibody 
contained in serum from rabbits immunized to human 
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Figure 1. Transverse section of dorsal root 
of L-5 spinal nerve. Immunoperoxidase 
stain, using factor VIH antibody and avi- 
din—biotin—horseradish peroxidase com- 
plex, which stains vascular endothelium 
black (magnification, x 200). 


factor VIII; second, with serum containing the sec- 
ondary antibody coupled to biotin, from goats im- 
munized against the rabbit serum; third, with avi- 
din-biotin-horseradish peroxidase complex, which 
becomes bound to the biotin in the secondary anti- 
body; and finally, with diaminobenzidine, which yields 
a black reaction product at the site of the horseradish 
peroxidase enzyme. Sections of normal tonsillar tissue 
were processed concurrently to serve as a reaction 
control; the fibrous stroma of this tissue has a char- 
acteristic distribution of blood vessels. 

Coded, enlarged prints (x 8) were prepared from 
black and white 35 mm microphotographs (x 25) of 
the entire root cross-section (Fig. 1), calibrated with 
the photograph of a similarly magnified micrometric 
scale. The vessels usually contained one or more in- 
traluminal erythrocytes. Elsewhere erythrocytes were 
absent. 

The cross-sectional area of the root was measured 
with a transparent millimetric overlay. Each endo- 
neurial vessel was numbered in ink and the minor 
diameter of the lumen measured to the nearest 1 mm 
(equivalent to 5 um of tissue). The sections were then 
counterstained with eosin and each vessel identified 
and examined under high power ( x 400) to determine 
the presence or absence of a pink annulus of smooth 
muscle. Vessels with an annulus were excluded from 
the tabulation. Vessels lacking an annulus were con- 
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Figure 2. Micrograph of transverse sec- 
tion of L-5 dorsal root. Factor VHE im- 
munoperoxidase reaction, counterstained 
with eosin x 2250. Note black reaction 
product in endothetium. The vessel di- 
ameter is about 20 um, but the absence of 
a surrounding annulus of grey-stained 
smooth muscle indicates that this vessel 
is a true capillary. 


sidered to be capillaries. The measurements were 
counted and grouped according to the minor diameter 
of the lumen (0, 1, 2, 3, 4, 5, and >5 mm). Tangen- 
tially-cut vessels were assigned to the 0-mm group. 
To enable comparisons of the total vascularities of 
different roots the number of vessels in each group 
was multiplied by wd (where d = minor diameter of 
the vessel), and normalized by expressing the product 
as capillary circumference per square mm of nerve 
root cross section. Statistical evaluations were per- 
formed on the summed normalized values as follows: 
summed values of all dorsal roots vs summed values 
of all ventral roots, by Student’s t-test; summed seg- 
mental dorsal root values vs summed segmental ven- 
tral root values at each segmental level, by one-way 
ANOVA; summed within-segment group values, by 
Wilcoxon rank test. P > 0.05 was considered not sig- 
nificant. All observations and calculations were com- 
pleted before the code was broken. 

Electron micrographs were prepared from two of 
the roots to verify whether large vessels diagnosed as 
capillaries truly lacked a circumferential annulus of 
smooth muscle. These specimens were fixed in Kar- 
novsky’s half-strength glutaraldehyde, postfixed in 
osmium tetroxide, and embedded in epon; sections 
were stained with lead citrate and uranium acetate. 

At four autopsies (two of the above and two oth- 
ers), the dural sleeve or “cuff” entering the interver- 
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Table 1. Total Circumference of Capillaries in Cross 
Sections of Dorsal and Ventral Roots of Spinal Nerves 
(um/mm?, mean + SD, n = 3) 


C-8 T-7 L-5 





2330 + 2225 
1880 + 1560 


1870 + 1845 5155 


Dorsal + 
2105 + 1995 2795 + 3 


Ventral 








tebral foramen had fortuitously remained intact at one 
or two segmental levels during the exposure. The 
length of the sleeve from the dural sac to the proximal 
border of the intervertebral foramen was measured 
with a millimeter rule and photographed. 


Results 


The endothelium of many endoneurial vessels, in- 
cluding large ones exceeding 20 wm in diameter (Fig. 
2), was in direct contact with nerve fibers or connec- 
tive tissue, without intervening smooth muscle. The 
number of capillaries in the different size groups var- 
ied widely between the roots from a given segment 
and between the roots from the same subject. How- 
ever, when weighted for circumference and normal- 
ized per unit cross section, the values (Table 1) showed 
little variation. The values for dorsal vs ventral roots 
did not differ significantly, either when summed over 
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all the segments or when compared at each cervical, 
thoracic, and lumbar segmental level. Summed across 
the different segments, the normalized values in each 
size group did not differ significantly in size groups 
0, 1, 2, 3, and 4. The values for groups 5 and >5 were 
significantly smaller (P < 0.05). In electron micro- 
graphs, blood vessels were easily recognizable by the 
presence of erythrocytes in the lumen (Fig. 3). The 
lengths of the four dural sleeves of lumbar and lower 
thoracic spinal nerves medial to the intervertebral for- 
amen measured at autopsy were 5, 6, 6, and 8 mm, 
respectively. The reliability of the measurements is 
limited because relationships may have been dis- 
turbed by the method of sampling. 


Discussion 


The result of the vascularity study was essentially 
negative. No excess vascularity was present in the 
ventral roots, either collectively or in individual spinal 
segments. The hypothesis that differential vascularity 
in dorsal and ventral roots may contribute to differ- 
ential epidural block was therefore rejected. 

The examined roots presented relatively few ves- 
sels in group 1, the size typical of capillaries in several 
other tissues (13,14). About 50% of the capillaries had 
a minor diameter exceeding 5 um, in some cases ex- 
ceeding 20 um (Table 1). The abundance of large cap- 
illaries presumably minimizes resistance to blood flow 
in the nutrient vessels of the roots. 
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Figure 3. Electron micrograph of large 
capillary in L-5 dorsal root. Calibration bar, 
1 um. Note red blood cells in lumen of 
vessel separated from a myelinated nerve 
fiber by little more than the thickness of 
the vascular endothelium. Magnified ap- 
proximately 3500 diameters. 


Previous measurements of dural sleeve lengths have 
not been found; the present ones are consistent with 
the calibrated photograph in Bassett’s Stereoscopic 
Atlas (15). Opinion varies on the precise site of epi- 
dural block (1,16); it is generally held that because the 
dura of the sleeve is thinner than elsewhere, anes- 
thetic deposited extradurally probably first reaches a 
blocking concentration in the roots within the sleeve. 
However pharmacokinetic data on this point are not 
available. The measured lengths of sleeve are less 
than three times the length of a large fiber internode 
(17), and if this is a principal site of epidural block, 
may constitute a basis for the differential sparing of 
motor function observed in the first hours of contin- 
uous epidural block as used in obstetric regional 
anesthesia. 
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Naloxone Does Not Antagonize the Analgesic Effects of 


Inhalation Anesthetics 


Laurence L. Levin, MD, Peter M. Winter, MD, Edwin M. Nemoto, PhD, 


Marc Uram, MD, PhD, and Marina R. Lin, MS 


LEVIN LL, WINTER PM, NEMOTO EM, URAM M, 
LIN MR. Naloxone does not antagonize the analgesic 
effects of inhalation anesthetics. Anesth Analg 
1986;65:330-2. 


A previous demonstration that the ratio of analgesic to an- 
esthetic endpoints is not constant across inhalation anes- 
thetic agents implies that more than one mechanism of action 
may be operant in general anesthesia, We hypothesized that 
the endogenous opiate systems might account for this ob- 
served disparity in ratios. The tail flick EDs (TFEDs9) in 
response to a heat stimulus, as an index of analgesia, and 
MAC as an index of anesthesia, were determined in rats 
treated with either saline or naloxone, 20 mg/kg, and ex- 


Controversy exists concerning the role of opiate re- 
ceptors in the mechanism of action of inhalation an- 
esthetics. Finck et al. and Berkowitz et al. have dem- 
onstrated a consistent antianesthetic effect of naloxone 
in several species using different experimental meth- 
ods (1,2). However, other groups have failed to con- 
firm these findings (3,4). In particular, a careful study 
by Harper et al. (4) showed that naloxone doses as 
high as 50 mg/kg failed to alter halothane MAC in the 
rat. 

A potential solution to the disagreement may be 
in the definition of anesthesia. The work of Harper 
et al. was carried out at the usual concentrations of 
anesthesia relevant to MAC testing, whereas several 
studies of Finck et al. were done at subanesthetic, 
analgesic dose levels. We hypothesized that a second 
mechanism of action for inhalation anesthetics may 
exist, producing opiate-mediated analgesia at sub- 
anesthetic concentrations, and thus subject to antag- 
onism by naloxone. This suggested mechanism may 
be overwhelmed and rendered undetectable by the 
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posed to halothane, enflurane, or isoflurane. Our findings 
confirmed those of Deady et al., showing a lack of uniformity 
of ratios of TFEDsp/MAC, with values of 0.90 + 0.03 for 
halothane, 0.80 + 0.04 for enflurane, and 0.70 + 0.04 
for isoflurane. Naloxone had no effect on TFEDso, MAC, 
or their ratio. If the endogenous opiate system were involved 
in the analgesic effect of general anesthetics, naloxone would 
have affected the ratios. We conclude that opiate systems 
are not involved in the analgesic action of general anesthetics. 


Key Words: ANESTHETICS, voLatiLte—enflurane, 
halothane, isoflurane. ANTAGONISTS, NARCOTIC— 
naloxone. THEORIES OF ANESTHETIC ACTION— 
endorphins. 


higher concentrations used in surgical levels of anes- 
thesia and classically measured by MAC testing 
methods. 

Clinical experience inclines us to believe that in- 
halation anesthetics vary in analgesic potency at equal 
MAC fractions, i.e., methoxyflurane high and halo- 
thane low. It has been previously suggested that the 
ratio of an analgesic endpoint to an MAC endpoint 
for individual anesthetics should be consistent across 
agents if one mechanism of action is involved, but 
variable if a second effect such as opiate receptor- 
mediated analgesia is operant (5). A study by Deady 
et al. (5) showed that there is variability of such ratios 
across agents. If the mechanism of analgesia is opiate- 
mediated, the administration of naloxone prior to test- 
ing should equalize the ratios. If tail flick in response 
to a heat stimulus is used as an analgesic endpoint 
(TFEDs9), and if naloxone antagonizes the analgesic 
action without appreciably affecting MAC, both TFEDso 
and TFED.,./MAC should decrease after naloxone ad- 
ministration. 


Methods 


Forty-six male, Sprague Dawley rats weighing 190-210 
g were studied, 18 with halothane, 12 with enflurane, 
and 16 with isoflurane. Rats were placed in individual 
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Table 1. Anesthetic Concentration (ATM) + SEM 
TFEDso MAC TFEDso/MAC 
_ Anesthetic Naloxone Saline Naloxone Saline Naloxone _ Saline 

Halothane (n = 18) 0.96 + 0.04 0.93 + 0.04 1.06 + 0.04 1.04 + 0.05 0.91 + 0.02 0.90 + 0.03 
Enflurane (n = 12) 2.05 + 0.21 2.02 + 0.17 2.49 + 0.14 2.49 + 0.13 0.82 + 0.06" 0.80 + 0.04* 
Isoflurane (n = 16). 0.87 + 0.07 0.89 + 0.06 1.31 + 0.06 1.28 + 0.07 0.66 + 0.04° 0.70 + 0.0 


Abbreviation: TFED«, tail flick EDs. 


‘P < 0.05, Naloxone and saline groups TFEDs/MAC for enflurane compared to halothane. 
*P < 0.001, Naloxone and saline groups TFEDz/MAC for isoflurane compared to halothane. 


2-Ł plexiglass cylinders, each with an air-flow rate of 
3 L/min. Rectal temperatures were monitored and 
maintained with heat lamips at 37.1 + 0.04°C (SEM) 
for both control and naloxone groups. A timed heart 
dolorimeter was used to measure tail flick latency (TFL) 
after the tails were blackened with india ink. The heat 
setting was adjusted in preliminary studies to obtain 
baseline TFL between 5 and 6 sec; a maximum base- 
line TFL of 7.5 sec was accepted. In order to prevent 
injury to the animals, 10 sec of heat application was 
taken as the cut-off for absence of tail flick response. 
The TFL at each point was measured in triplicate. The 
arialgesic endpoint was defined as the anesthetic con- 
centration producing a 2-sec increase above the base- 
line TFL for each rat. | 

Baseline TFLs were determined 30 min after the air 
breathing rats were placed into the test apparatus. 
Thereafter, the rats were equilibrated for 30 min 
breathing either halothane (0.45%), enflurane (0.88%) 
or isoflurane (0.55%)—approximately equipotent 
fractions of MAC. | 
_ Inspired anesthetic concentrations were measured 
by gas-liquid chromatography. One ml of the in- 
spired gas was drawn into a gas-lock Hamilton sy- 
ringe and injected into a Model 3700 Varian gas-liquid 
chromatograph with a flame ionization detector and 
a 6-ft glass column packed with 3.0% SE-30. The in- 
jector/column/detector temperatures were set at 
120/60/120°C, with a N, carrier gas flow rate of 30 
ml/min. The anesthetic peaks were integrated by a 
Shimadzu CRIA microprocessor and the anesthetic 
concentrations calculated from standard calibration 
curves. The calibration curves were prepared with 
known standards of the anesthetic vapor samples de- 
rived from air saturated samples. The saturated vapor 
pressures of the anesthetics were calculated according 
to the Antonine equation: 





Log P (mm Hg) = A — +e 
where P is the vapor pressure; t is the temperature 
in °C; and A, B, and C are constants. The constants 
A, B, and C for the anesthetics are the following: 


halothane, 7.723, 1.565, and 273.15; enflurane, 7.967, 
1678.4, and 273.16; and isoflurane, 8.056, 1664.58, ahd 
273.16. The v/v percent of saturated vapor pressure 
was calculated by dividing the saturated vapor pres- 
sure by atmospheric pressure and multiplying by 100. 

After baseline TFL measurements, the inspired an- 
esthetic concentration was increased in increments of 
20% of MAC, followed by 30 min equilibration and a 
15-min test period. At each increment, TFL was tested 
until analgesia was produced. Thereafter, MAC test- 
ing was begun, and the inspired gas concentration 
progressively increased in a like manner until the an- 
esthetic endpoint was achieved. One half of the rats 
in each test group received 20 mg/kg naloxone HCI 
(Endo Laboratories) by subcutaneous injection at 20 
min and an additional 10 mg/kg 10 min prior to the 
first test on the anesthetic. Thereafter 10 mg/kg was 
injected 10 min before each test at increasing anes- 
thetic concentrations. The other half of the rats re- 
ceived similar volumes of 0.9% NaCl in the same man- 
ner. The observer doing the testing did not know 
which solution he administered. Four days later, the 
entire study was repeated, but rats previously stud- 
ied with naloxone were retested with saline and vice 
versa. 

TFEDsg, MAC, and TFEDs/MAC for each anes- 
thetic with naloxone and 0.9% NaCl pretreatment were 
statistically evaluated by analysis of variance, and the 
values tested for significant differences by the Stu- 
dent’s-Newman~—Keul’s test. TFEDsp/MAC for each 
anesthetic was statistically analyzed after conversion 
to log values. A maximum P value of 0.05 was ac- 
cepted as statistically significant. 


Results 


TFEDs» with enflurane in control (saline-treated) rats 
was 2.02 + 0.17% (X + SEM), and higher than with 
halothane (0.93 + 0.04%) or isoflurane (0.89 + 0.06%) 
(Table 1). None was affected by naloxone. Enflurane 
MAC was 2.49 + 0.13% and significantly higher than 
MAC for isoflurane and halothane. Isoflurane MAC 
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was also significantly higher than halothane MAC. 
Naloxone did not affect MAC. 

TFEDs)/MAC for halothane with and without nal- 
oxone was significantly higher than that for isoflurane 
or enflurane. The difference between the isoflurane 
and enflurane ratios was statistically significant. 
TFEDs)9/MAC was not affected by naloxone for any of 
the anesthetics. 


Discussion 


The lower TFEDsp/MAC ratios of enflurane and iso- 
flurane indicate that these agents are stronger anal- 
gesics than halothane at subanesthetic concentra- 
tions. The variation in ratios between agents implies 
that the mechanism producing analgesia may differ 
from that producing anesthesia. The values obtained 
for TFEDso/MAC in rats confirm those of Deady et al. 
obtained in mice (5). In contrast to Deady et al., we 
demonstrated some degree of analgesia with halo- 
thane, the TFEDs/MAC ratio being less than one. 

In order to compare our study with previously pub- 
lished work, and because it is a reproducible and ac- 
cepted endpoint, we used TFL as an analgesic end- 
point. We believe that an alternative stimulus system 
that would give a clean endpoint at lower anesthetic 
concentrations, thereby resulting in lower TFEDs)/MAC 
ratios, might conceivably have given more clean-cut 
ratio differences. 

That naloxone did not alter TFED;o or TFEDsy MAC 
for any of the anesthetics tested indicates that opiate 
receptors dre not involved in either the analgesia or 
the anesthesia produced by these agents. The dose 
of naloxone we administéred is far in excess of that 
needed to antagonize opiate receptor-mediated re- 
sponses. Additionally, eight rats injected by the in- 
traperitoneal route yielded TFED5) and TFEDs/MAC 
values similar to those obtained after subcutaneous 
injection. We conclude that opiate receptors do not 
play a role in the analgesia produced by these inha- 
lation agents at subanesthetic concentrations. 

Our finding that MAC is urialtered by naloxone is 
in agreement with both our own previous study (4) 
and the studies of others. Neither naloxone nor nal- 
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trexone increased MAC in halothane-anesthetized dogs 
(6).. MacLeod et al. demonstrated no significant al- 
teration in halothane or halothane/nitrous oxide re- 
quirements in anesthetized humans after administra- 
tion of 1.2 mg naloxorie (7). In vitro, halothane does 
not displace specific dihydromorphine binding (8). In 
dogs, cerebral oxygen consumption is not increased 
upon. administration of naloxone during halothane 
anesthesia, whereas it is increased when the same 
agent is administered to dogs. under narcotic anés- 
thesia (9). 

In conclusion, our results indicate that opiate re- 
ceptor systems are involved with neither anesthetic 
mechanisms of action nor with the mechanisms of 
analgesia at low concentrations of inhalation agents. 
Our findings confirm those of Deady et al., that 
TFED5/MAC ratios vary between anesthetics, and that 
this may implicate the existence of more than one 
mechanism of action for inhalation anesthetics. 
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Motor Blockade During Epidural Anesthesia 
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VAN ZUNDERT A, VAES L, VAN DER AA P, 
VAN DER DONCK A, MEEUWIS H. Motor blockade 
during epidural anesthesia. Anesth Analg 1986;65:333--6. 


The effects of lumbar epidural anesthesia (LEA) on a pre- 
viously described test of function of the rectus abdominalis 
muscle (the RAM-test) were compared with the effects of 
LEA on the Bromage test of muscle power in the hips and 
legs in 20 women having electtve cesarean sections under 
LEA using 0.5% bupivacaine with epinephrine 1:200,000. 

The results showed no statistically significant correlation 


Various tests (1-6) have been used to evaluate motor 
blockade during lumbar epidural anesthesia (LEA). 
We concluded from an earlier study (7) in 877 par- 
turients receiving successful LEA with 0.125% bupiv- 
acaine plus epinephrine 1:800,000 for vaginal delivery 
that evaluation of function of the rectus abdominalis 
muscle (the RAM-test) is a more appropriate test in 
evaluating abdominal motor function than is the 
Bromage test, which evaluates the motor strength of 
the hips and legs. 

To determine whether this conclusion is also valid 
when higher doses and stronger concentrations of 
local anesthetic are used, we performed both the 
Bromage and the RAM-test in 20 women having elec- 
tive cesarean sections performed under LEA using 
0.5% bupivacaine with epinephrine 1:200,000. 


Methods 


Lumbar epidural anesthesia with 100-125 mg (mean 
115 mg) of 0.5% bupivacaine plus epinephrine 
1:200,000, using the L2-3 interspace, was given to 20 
randomly selected women undergoing elective cesar- 
ean section. All women were ASA physical status I, 
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between the two tests. We conclude that zones of differential 
somatic motor blockade are present during LEA and that in 
obstetrics the RAM-test is the more appropriate test for 
evaluating the effects of LEA on somatic motor function. 
Use of the RAM-test is suggested tn situations where one 
is interested in motor function of the abdominal wall muscles 
under LEA. 


Key Words: ANESTHETIC TECHNIQUES, EPIDURAL. 
ANESTHESIA—obstetric. 


with weights ranging from 56 to 83 kg and ages rang- 
ing from 20 to 29 yr. All women had excellent anes- 
thesia and needed no other analgesic supplementation. 
In each patient the degree of motor blockade was 
assessed by the Bromage method (Table 1) and the 
RAM-test (Fig. 1). The RAM-test was performed as 
follows (Fig. 1): starting. from the completely supine 
position (no pillow and legs extended) the patient was 
asked to come slowly and with a curled trunk to the 
supine position. If the power of the abdominal mus- 
cles was too weak, the woman could not come slowly 
to the sitting position with a curled trunk (8). Scoring 
the power of the rectus abdominalis muscle was done 
as shown in Figure 1. Power was scored as 0% when 
no tension of the abdominal muscles could be felt 
during the effort. 
. - The degree of motor blockade in the abdominal 
muscles (RAM-block) associated with LEA is the dif- 


Table 1. Evaluation of the Degree of Motor Blockade 
during Lumbar Epidural Anesthesia by Bromage’s 
Method (1) 


Degree of 
Bromage criteria motor block (%) 
Free movement of legs and feet None ( 0%) 
Just able to flex the knees with Partial ( 33%) 
free movement of the feet i 
Unable to flex the knees but with Almost ( 66%) 
free movement of the feet complete 
Unable to move legs or feet Complete (100%) 
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100% POWER The Parturient rises from a supine to a 
sitting position with hands clasped be- 
hind the head. 


80% POWER She succeeds only by extending the 
arms. 


errr 


Figure 1. Measuring the power of the rec- 
tus abdominalis muscle in the RAM test. 
The parturient is asked to come slowly to 
a sitting position when lying perfectly su- 
pine (no pillow, legs extended) on the bed. 
Reprinted with permission from Hodg- 
kinson and Marx, eds. Obstet Anesth Di- 
gest 4;31-34;1984. 


60% POWER She can only lift the scapulae from the 
bed. 





40% POWER _ She can only lift the shoulders. 








20% POWER _ If only an increase in tension is felt 
during the effort. 


Table 2. Matched Results of the Bromage and RAM Blocks 20 Minutes after LEA in 20 Cesarean Sections 


RAM block (total n = 20) 


Bromage block 0% Block 20% Block 40% Block 60% Block 80% Block 100% Block 

(total n = 20) (n = 0) (n = 1) (n = 2) (n = 10) (n = 7) (n = 0) 
0% Block (n = 7) — — 1 3 3 — 
33% Block (n = 9) — — — 6 3 — 
66% Block (n = 2) — — 1 1 — — 
100% Block (n = 2) — 1 — _ 1 cae 





ference between the RAM-tests before and after LEA. local anesthetic and again at the completion of surgery 
The first RAM-test was assessed before the injection (90-120 min after injection). In both test methods, 
of local anesthetic. Both the Bromage and the RAM- asymmetric blocks were recorded as the degree of 
tests were performed 20 min after the injection of the motor weakness observed on the more affected side. 
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Table 3. Matched Results of the Bromage and RAM Blocks After Surgery 


0% Block 20% Block 
Bromage block (total n = 20) (n = Q) (n = 0) 
0% Block (n = 9) ca _ 
33% Block (n = 5) aoa m 
66% Block (n = 5) _ -l 
100% Block (n = 1) _ — 


RAM block (total n = 20) 


Table 4. Matched Results of the Bromage and RAM blocks in 20 Cesarean Sections 


A, 20 min after injection 


Bromage RAM block 
block 0% 20-40% 60-80% 


k lel 
i E an 


66 














R 
p 


100% 


The Spearman-rank correlation coefficient (9) was 
used to compare the results of the two tests. A value 
of P < 0.05 was considered the minimum level of 
statistical significance. 


Results 


The matched results of the RAM-block and the Brom- 
age test are shown in Tables 2 and 3. The RAM-block 
was never zero in this study; none of the anesthetized 
women was able to reach the erect position. Seven- 
teen women (85%) had a RAM-block of 60% or more 
at both determinations. On the other hand, the Brom- 
age block was zero in seven women (35%) at the first 
determination and in nine (45%) at the second deter- 
mination. Only two women (12%) had a Bromage 
block of 66% or more at the first determination (Table 
2); and only four (24%) had a Bromage block of 66% 
or more at the second determination (Table 3). 


40% Block 60% Block 80% Block 100% Block 
(n = 3) (n = 13) (n = 4) (n = 0) 
1 7 1 Sa 
25 5 == = 
2 1 2 — 
ae fe 1 = 

B, After surgery 
Bromage RAM block 
block 100% 


0% 20-40% 60-80% 
i BR 


33% aT 5 


ae 


If we compare the two tests we see that in six (86%) 
of the seven women with a zero Bromage block at the 
first determination (Table 3), the RAM-block was 60% 
or more. In eight (89%) of the nine women with a 
zero Bromage block at the second determination (Ta- 
ble 3), the RAM-block was 60% or more. 


100% 


Discussion 


Of the women with a zero motor block on the basis 
of the Bromage test, 86% had a RAM-block of 60% or 
more at the first determination and 89% at the second 
determination. Obviously the two tests do not cor- 
relate (P > 0.05). 

To visualize the relationship between the two tests, 
we can group the results of the RAM-block in the 
following manner: 


RAM-biock 0% = no motor block 
RAM-block 20-40% = mild motor block 
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RAM-block 60-80% = pronounced motor block 
RAM-block 100% = complete motor block 


and plot the results in two tables (Tables 4A and 4B). 
With a perfect correlation, all results should fall in the 
hatched part of the diagram. 

In a segmental blockade it is not surprising that 
the two tests do not give comparable results because 
the Bromage test measures effects on nerve segments 
L-1-S-2 and the RAM-tests measures effects on nerve 
segments T-5-T-12. The T-5-T-12 segments innervate 
not only the rectus abdominalis muscle but the other 
abdominal wall muscles as well, including the internal 
and external oblique (T-8-T-12) and the transversalis 
(T-7-T-12). 

Considerable motor blockade of the abdominal 
muscles is desirable in abdominal surgery, but motor 
blockade of the lower extremities is not required in 
these operations. We think that the RAM-test is a 
more appropriate test than the Bromage test in all 
situations where one is interested in evaluating the 
degree of abdominal muscle relaxation under LEA. 
The RAM-test may also be an appropriate test for 
comparing different local anesthetics, concentrations, 
and techniques in LEA for their effects on relaxation 
of the abdominal muscles. The RAM-test is an easy 
test and can be performed in less than 10 sec. The 
occurrence of hypotension or fetal distress in this short 
time is unlikely and was never seen by the authors. 
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Lidocaine Enhances Intraoperative Ventricular Defibrillation 
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LAKE CL, KRON IL, MENTZER RM, CRAMPTON RS. 
Lidocaine enhances intraoperative ventricular 
defibrillation. Anesth Analg 1986;65:337-400. 


The efficacy of lidocaine during myocardial reperfusion in 
coronary artery bypass surgery was evaluated in 20 patients 
randomly assigned to a control group (n = 10) or to receive 
lidocaine, 1 mg/kg intravenously 5 min before aortic un- 
clamping and cardiac reperfusion, followed by infusion at 
40 gkg umin™' (n = 10). We recorded ECG leads I and 
Vs continuously, and number, energy, and current of direct 
current (DC) shocks starting at 1 joule. The number of low 
energy DC shocks to sustained defibrillation (5.5 + 2.0 vs 
3.5 + 2.0, mean + SD, P < 0.05) decreased significantly 
with lidocaine infusion. The energy (11.0 + 6.3 vs 5.6 + 
3.9 joules, P < 0.05) and current (12.7 + A? vs 8.9 + 
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4.7 amperes, not significant) likewise decreased with lido- 
caine infusion. Energy and current for the first successful 
shock, although lower in the lidocaine group, were not sta- 
tistically significantly lower than in the control group. Ini- 
tial reperfusion rhythm was not influenced by lidocaine. 
Plasma electrolyte levels, arterial blood gas tenstons, myo- 
cardial temperature, and surgical technique—factors known 
to influence defibrillation—were similar in all patients. 
Administration of lidocaine during myocardial reperfusion 
allows defibrillation with fewer DC shocks of lower energy 
and current, 


Key Words: HEART, ARRHYTHMIAS——defibrillation. 
ANESTHESIA—cardiovascular. ANESTHETICS, LO- 
cAL—lidocaine. 





Ventricular defibrillation during cardiac surgery is in- 
fluenced by factors such as the duration of reperfu- 
sion, arterial oxygenation, serum potassium, and per- 
fusion pressure (1). This study evaluated the effects 
of antidysrhythmic plasma concentrations of lido- 
caine in humans during myocardial reperfusion and 
cardiopulmonary bypass at a time when myocardial 
temperature, serum potassium, and other factors were 
optimally controlled. Early investigators (2) noted that 
topical or systemic application of antidysrhythmic drugs 
controlled intraoperative dysrhythmias in experimen- 
tal animals. More recent investigators have suggested 
that lidocaine promotes spontaneous defibrillation 
during the reperfusion phase of coronary artery by- 
pass grafting (3,4). 
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Methods 


Twenty-two patients undergoing coronary artery by- 
pass grafting were prospectively assigned by a ran- 
dom number table to either the control group I (n = 
11), in which no antidysrhythmic drug or other in- 
jection was given, or to group II (n = 11), in which 
lidocaine, 1 mg/kg was given intravenously 5 min 
before aortic unclamping and myocardial reperfusion 
into the central venous pressure catheter, followed 
by an infusion at 40 ugkg `min +}. The infusion of 
lidocaine was continued until the ventricles defibril- 
lated. Only patients with no history of myocardial 
infarction or dysrhythmias within the preceding 6 
months and with an ejection fraction greater than 0.5 
by angiogram or echocardiography were included. 
Electrocardiograph leads H and V, were monitored 
continuously throughout surgery on a Hewlett- 
Packard oscilloscope (Waltham, MA), and were 
recorded from the time of aortic unclamping to 
defibrillation on a Hewlett-Packard Model 7758B 
recorder. Dysrhythmias after discontinuation of car- 
diopulmonary bypass or after operation were also 
noted. The study was performed between October 
1983 and March 1985. It was approved by the Human 
Investigation Committee of the University of Virginia. 

More than 30 hemodynamic, biochemical, tem- 
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Table 1. Reperfusion Rhythm 


Ventricular 
fibrillation Other spontaneous 
(number of rhythm (number 
patients) of patients) 
Group I (control) 4 6 o 
Group U (lidocaine) 3 7 not significant 


poral, or thermal variables important to defibrillation 
were measured or recorded (1). These include plasma 
concentrations of potassium, norepinephrine, epi- 
nephrine, and ionized calcium; mean systemic and 
pulmonary arterial pressures, coronary perfusion 
pressure, and systemic vascular resistance; arterial PO2, 
Pco,, and pH; duration of myocardial ischemia, re- 
perfusion, and cardiopulmonary bypass; and myo- 
cardial, esophageal, arterial, and venous tempera- 
tures. Intravascular pressures were measured using 
Bentley Trantec Model 800 transducers (Bentley Lab- 
oratories, Irvine, CA) and Hewlett-Packard pressure 
modules (Waltham, MA) calibrated against a mercury 
column. Coronary perfusion pressure was defined as 
the difference between mean arterial and mean pul- 
monary arterial pressure during cardiopulmonary by- 
pass. Plasma potassium was measured using a Nova 
Biomedical direct potentiometer (Waltham, MA). 
Plasma concentration of ionized calcium was deter- 
mined on an 5820 analyzer (Orion Biomedical, Cam- 
bridge, MA). Norepinephrine and epinephrine were 
measured in plasma using high-performance liquid 
chromatography (5). Arterial blood gas tensions and 
pH were measured using standard electrodes. Myo- 
cardial temperature was determined by measurement 
of the interventricular septal temperature using a Wil- 
ton Industries myocardial probe. Perfusion temper- 
ature was measured with an in-line thermistor in the 
arterial return from the oxygenator (during extracor- 
poreal circulation). The plasma concentration Of lido- 
caine was measured using gas chromatography with 
a flame ionization detector. Mepivacaine was used as 
an internal standard. This method is linear between 
0.08 and 9.5 micrograms of lidocaine (6). 
Biochemical variables were measured in mixed ve- 
nous blood obtained at the venous port of the oxy- 
genator at spontaneous resumption of cardiac rhythm 
or immediately before the first shock attempt and after 
defibrillation. Hemodynamic, temporal, and thermal 
variables were noted at the time of each shock. The 
incidence of myocardial infarction, left ventricular 
failure (defined as the triad of a pulmonary wedge 
pressure or left atrial pressure greater than 18 torr, a 
cardiac index below 2.2 Lmin™'m~?, and a systolic 
arterial pressure below 90 torr), or the need for an- 
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Table 2. Direct Current Shocks 
Group I Group II 
(n = 10) (n = 9) P 

Energy (first successful 66 +52 47&+40 ns 
shock, J) 

Energy (last successful 11.0 +63 56239 0.05 
shock, J) 

Current (first successful 9.3 + 4.4 78 +447 ns 
shock, A) i 

Current (last successful 12.7 + 4.2 8.9+ 4.7 ns 
shock, A) 

Number of shocks to sustained 5.5 + 2.0 3.5 £ 2.0 0.05 
defibrillation 

Numter of shocks to initial 3.4 + 1.8 27+ 18 ns 
defibrillation 

Impedance (first successful 25.3 + 6.7 19.8 +54 ns 
shock, 2) 

Impedance (last successful 21.9 + 6.8 1872+55 ns 
shock, 0) 


Results are mean + sD. 
Abbreviations: J, joules; A, amperes; Q, ohms; ns, not significant. 


tiarrhythmic, vasodilator, or inotropic drugs after car- 
diopulmonary bypass and surgery were noted. 
Direct current (DC) shocks, starting at 1 joule (J) 
were delivered by a Series 640 defibrillator (Physio 
Control, Redmond, WA) if a cardiac rhythm did not 
return spontaneously and if the myocardial septal 
temperature was more than 26°C. The specific timing 
of defibrillation was determined by the surgical re- 
quirement for a beating heart to prevent ventricular 
distention in unvented hearts after aortic unclamping. 
If the initial shock was unsuccessful, the energy of 
the second shock was increased to 2.5 J. Thereafter, 
energy was increased by 2.5 J until defibrillation was 
achieved. A set of 88-mm diameter concave electrodes 
was placed at the apex of the left ventricle and at the 
base of the right ventricle, the positions where defi- 
brillation can be accomplished with the lowest current 


(7). To prevent myocardial damage from increased 


energy or current, lidocaine, 100 mg, was given in- 
travenously to control patients who failed to defi- 
brillate after more than 8 low-energy DC shocks or a 
single shock of 20 J (after a sequence of shocks of 1, 
2.5, 5, 7.5, 10, and 15 J energy). Peak delivered current 
was measured with a P6303 current probe and am- 
plifier (Tektronix, Inc., Portland, OR). All patients 
received cardioplegia with Plegisol® (sodium 120 
mEq/L, potassium 15 mEq/L, magnesium 32 mEq/L, 
calcium 2.4 mEq/L, chloride 160 mEq/L, bicarbonate 
10 mEq/L) at 28°C using a Sarns S10K Blood Pump 
for cardioplegia delivery (MARA, Ann Arbor, Mich- 
igan). Myocardial temperature ranged from 10 to 15°C 
during aortic occlusion. Anesthetic agents used in- 
cluded halothane, isoflurane, fentanyl, or sufentanil, 
alone or in combination with nitrous oxide. Statistical 
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Figure 1. The cumulative percent of patients permanently defi- 
brillated at each energy level is shown. One patient in the lidocaine 
group required no DC shocks. 


analysis was performed using Student's t-test or x- 
test, with P < 0.05 taken as statistically significant. 


Results 


All patients received both -adrenergic and calcium 
entry blockers on the morning of surgery with the 
exception of two patients, one in group I who received 
only verapamil and one in group II who received only 
propranolol. There were no differences between groups 
in severity of coronary disease or surgical procedure. 
Group I had 2.5 + 0.5 grafts per patient, and group 
H 2.3 + 0.5. In group II the mean lidocaine concen- 
tration was 2.36 + 0.80 ug/ml with administration for 
7.2 + 6.8 min prior to DC shocks. Two patients were 
eliminated from the study, one because the arterial 
Po, was < 70 torr at defibrillation (group I) and the 
other because lidocaine was administered only after 
aortic unclamping, rather than both prior to and after 
unclamping (group II). In each group, four patients 
received isoflurane, four halothane, and two fentanyl 
or sufentanil as the principal anesthetics. 

The prevalence of ventricular fibrillation (VF) on 
aortic unclamping was similar in both groups (Table 
1). The majority of patients with spontaneous non- 
fibrillatory rhythms in both groups had asystole (5 of 
7 in group I, 5 of 6 in group J), whereas one patient 
in each group was in complete heart block and one 
patient in group II had idioventricular rhythm. Only 
one patient (lidocaine group) spontaneously devel- 
oped a normal rhythm and did not require DC shock. 
Both energy and the number of shocks required for 
sustained defibrillation were lower in group II than 
group I. A 50% success rate for shocks occurred at 5 
Jin the lidocaine group, but not until 10] in the control 
group. However, neither the energy nor current of 
the first successful shock differed between groups. A 
similar number of shocks to initial defibrillation were 
required in both groups (Table 2). There were no sig- 
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Table 3. Hemodynamic, Biochemical, Thermal, and 


Temporal Variables at Last Shock 
Group I Group I 
(n = 10) (n=9) P 
Mean arterial pressure (torr) 58 + ii 53 +9 ns* 
Mean pulmonary pressure 1S 10+4 ns 
itorr) 
Coronary perfusion pressure 50 + 13 44+9 ns 
(torr) 
Systemic vascular resistance 755 +196 664+ 174 ns 
(dynes-cm-sec~*) 
pH (units) 7.35 + 0.05 7.37 + 0.04 ns 
PCO, (torr) 42 +7 49 +5 ns 
Po, (torr) 244+ 106 266+ 83 ns 
Epinephrine (ng/ml) 762 + 831 332 + 325 ns 
Norepinephrine (ng/ml) 1009 + 609 733 + 537 ns 
Potassium (mEq/L) 5.0 +06 4820.6 ns 
Calcium ion (mEq/L) 1.96 + 0.1 1.96 +01 ns 
Myocardial temperature (°C) 36.9 + 1.3 35.2 +3.1 ns 
Reperfusion time to ` 63 +18 45+3.2 ns 
defibrillation (min) 
Duration bypass to 58 + 15 50 +13 ns 
defibrillation (min) 
Ischemic time (min) 47 + 15 43 + 13 ns 


Results are mean + SD. ‘ns, not significant. 


nificant differences in the cumulative percentage of 
patients defibrillated at any particular energy level. 
All patients in group IJ defibrillated at 10 J or less (Fig. 
1). Myocardial impedance was lower in the lidocaine- 
treated group both at initial defibrillation attempt and. 
at the time of the last shock. Impedance also de- 
creased from first to last shock, as has been noted pre- 
viously with transthoracic defibrillation (8) (Table 2). 

Redevelopment of VF after successful DC shock 
occurred less frequently in the lidocaine-treated pa- 
tients (1.3 + 1.6 vs 2.0 + 2.3 episodes per patient) 
although it was not a statistically significant differ- 
ence. No differences were noted in plasma electrolyte 
levels, arterial blood gas tensions, myocardial tem- 
perature, plasma catecholamine levels, or coronary 
perfusion pressure at sustained defibrillation (19 pa- 
tients) or spontaneous resumption of cardiac activity 
without defibrillation (one patient) (Table 3). Plasma 
catecholamines were increased in all patients, and no 
attempt to relate the levels to either the shock energy 
required or the occurrence of dysrhythmias was made. 
The myocardial temperature was higher, reperfusion 
time longer, and systemic vascular resistance greater 
in the control group, although not statistically signif- 
icantly different than in patients given lidocaine. Three 
patients in the control group eventually received lido- 
caine when VF could not be terminated after the 20 
J shock or more than eight lower-energy DC shocks. 
Shocks given after lidocaine administration to the con- 
trol group were excluded from statistical analysis. All 


patients defibrillated. No differences in the occur- 
rence of atrial or ventricular dysrhythmias or the need 
for antiarrhythmic drugs after discontinuation of by- 
pass or after operation were noted, as lidocaine was 
discontinued immediately after defibrillation. The fre- 
quency of myocardial infarction, cardiac failure, and 
the need for inotropic or vasodilator drugs were sim- 
ilar in both groups. 

Discussion 

Factors previously recognized as significant deter- 
. minants of intraoperative ventricular defibrillation with 
low energy shocks include levels of serum potassium 
and ionized calcium, arterial oxygenation, coronary 
perfusion pressure, oxygenation, reperfusion time, 
coronary myocardial temperature, and systemic vas- 
cular resistance (1). Of these factors, potassium is of 
paramount importance because a high plasma potas- 
sium level may chemically cause defibrillation (7) as 
well as decreases in the experimental defibrillation 
threshold (9). The concentration of serum potassium 
in all our patients was well within the range of values 
previously noted to be associated with successful DC 
shocks (1). Likewise, the increased levels of plasma 
catecholamines in our patients do not contribute to 
myocardial damage (12), but may have accentuated 
dysrhythmogenesis. 

Lidocaine blocks the fast sodium channel in the cell 
membrane. It also suppresses phase 4 of abnormal 
spontaneous cellular membrane depolarization by in- 
creasing outward potassium conductance in ventric- 
ular tissue. The diastolic threshold to ventricular stim- 
ulation is increased, thus increasing the current 
required to induce a premature ventricular contrac- 
tion. Thus lidocaine inhibits dysrhythmias caused by 
enhanced automaticity or ectopic foci. 

The initial reperfusion rhythm was not normalized 
by therapeutic plasma concentrations of lidocaine 
during reperfusion as previously reported (3). Our 
failure to confirm this observation may have resulted 
from differences in the duration of reperfusion per- 
mitted before DC shock, the timing, and the method 
of lidocaine. administration. Because lidocaine in- 
creases ventricular fibrillation threshold in humans 
(10), fewer shocks were required, as noted by other 
investigators (4), because VF did not recur after suc- 
cessful shocks. The lower myocardial resistance noted 
in lidocaine-treated patients may also have affected 
the intramyocardial spread of current and facilitated 
defibrillation. 

A dose-dependent increase in the defibrillation 
threshold has been reported in canine experiments 
during lidocaine administration (11,13). However, the 
plasma levels in our patients were below the 3 ug/ml 
concentration reported to increase the experimental 
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canine defibrillation threshold (13). Thus at human 
therapeutic plasma concentrations, a clinically im- 
portant increase in defibrillation threshold appears 
unlikely. Recent studies in animals (14) describe net 
lactate production and norepinephrine release in the 
myocardium after only two 30-J DC shocks, suggest- 
ing both derangement of myocardial metabolism and 
regional myocardial perfusion. . * | 

In summary, our study suggests that prophylactic 
administration of lidocaine during myocardial reper- 
fusion would permit defibrillation with fewer DC 
shocks of lower energy. 
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Resuscitation from Bupivacaine-Induced Cardiovascular Toxicity 
During Partial Inferior Vena Cava Occlusion 


Gregory W. Kasten, MD, and Stuart T. Martin, MD, PhD 


KASTEN GW, MARTIN ST. Resuscitation from 
bupivacaine-induced cardiovascular toxicity during partial 
inferior vena cava occlusion. Anesth Analg 1986;65:341—4. 


The hemodynamic effects and abjlity to resuscitate animals 
experiencing buptvacqine cardiovascular toxicity after par- 
tial inferior vena cava occlusion were investigated tn anes- 
thetized dogs (n = 12). Partial occlusion of the inferior 
vena cava resulted in a 12% decrease in mean arterial pres- 
sure, a 62% decrease in cardiac output, a 66% decrease in 
stroke volume, and a 135% increase in systemic vascular 
resistance. 


There has been considerable concern regarding the 
untoward cardiovascular effects after accidental in- 
travenous administration of the potent amide local 
anesthetics bupivacaine and etidocaine. Recent edi- 
torials describe a preponderance of these toxic car- 
diovascular events in otherwise healthy parturients 
scheduled for caesarean section with epidural admin- 
istration of bupivacaine (1,2,3). An important factor 
that must be considered when attempting to resus- 
citate the parturient is vena cava compression by the 
gravid uterus. We recently reported that resuscitation 
after massive intravenous doses of bupivacaine in 
anesthetized well-hydrated dogs can be done con- 
sistently and quickly (4). Because the results of our 
investigation are at variance with the apparent diffi- 

culty of resuscitation in parturients, this investigation 
was conducted to examine whether or not vena cava 
obstruction interferes with the ability to resuscitate 
an animal after intravenous administration of cardio- 
vascular toxic doses of bupivacaine. | 
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Bupivacaine, 20 mg/kg intravenously, resulted in car- 
diovascular collapse in all animals. The resuscitation time 
for animals without partial caval occlusion was 2.1 + 0.5 
min, whereas that for animals with partial caval occlusion 
was 22.2 + 6.9 min (P < 0.05). Significantly increased 
amounts of epinephrine and NaHCO 3-were required to re- 
suscitate the animals with caval occlusion. We conclude that 
partial inferior veng cava occlusion can significantly alter 
the ability to resuscitate animals experiencing bupivacaine 
cardiovascular toxicity. 


Key Words: ANESTHETICS, LoCAL—bupivacaine. 
ANESTHESIA—obstetric. TOXICITY—bupivacaine. 


Methods 


Twelve adult mongrel dogs weighing 21.6 + 3.5 kg 
were anesthetized with intravenous sodium pento- 
barbital, 30 mg/kg, and were immobilized with pan- 
curonium bromide, 0.15 mg/kg. A cuffed endotra- 
cheal tube was inserted, and the. animals were 
ventilated with 100% oxygen (AirShields® ventila- 
tor). Tidal volume, respiratory rate, and sodium bi- 
carbonate administration {0.5-1 mEq/kg at least 30 
min prior to the experimental period) were adjusted 
to provide the following arterial blood gas values: pHa 
7.35-7.45, Paco, 32-40 mm Hg, and Pao, 300-500 
mm Hg. Arterial blood gas values were also measured 
after vena cava partial occlusion. 

A left femoral arterial catheter was inserted to ob- 
tain arterial blood for measurement of gas tensions 
and for direct recording of arterial blood’ pressure. 
Using the right femora] vein, a Swan—Ganz catheter 
(American Edwards model 93-131-7F) was placed into 
the pulmonary artery. Cardiac output was measured 
using the thermodilution technique and a cardiac out- 
put computer (American Edwards model 9520A). Each 
time the cardiac output was determined, five values 
were obtained and the results were averaged. A lead 
Il surface ECG, arterial blood pressure, right atrial 
pressure, and pulmonary artery pressure were re- 
corded continuously on a polygraph (Grass model 
7A). A sternotomy and pericardiotomy were per- 
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Table 1. Hemodynamic Effects of Partial Inferior 
Vena Cava Occlusion in Dogs 


n a 


Partial 
Parameter Baseline Occlusion 
Mean arterial pressure 132 + 10 HE s 15" 
(mm Hg) 
Cardiac output (L/min) 3.2 + 0.8 12 = O04 
Stroke volume (ml/beat) 20 & 5.) 7.5 = 3g 
Heart rate (beat/min) 143 + 8 199 + 167 
Central venous pressure S1 = 20 6:0 = 15° 
(mm Hg) 
Pulmonary artery pressure 19 * 3.1 1.0 + 2.19 
(mm Hg) 
Pulmonary capillary wedge 8.3. 1.9 9.0 + 1.9 
pressure (mm Hg) 
Pulmonary vascular resistance 165 + 18 401 + 1117 
(cm-sec dynes °) 
Systemic vascular resistance 3108 + 950 7333 + 2450" 
(cm-sec dynes’) 
mean + SD mean + sD 


n= 6. 
aP < .05 from control. 


formed to expose the epicardial surface of the heart 
after an additional intravenous 10 mg/kg of pento- 
barbital. 

The experimental protocol was as follows: after an- 
imal preparation, there was a 30-min baseline period 
during which lead II surface ECG, systemic arterial 
pressure, pulmonary artery pressure, pulmonary cap- 
illary wedge pressure, central venous pressure, and 
cardiac output were determined. Systemic vascular 
resistance, pulmonary vascular resistance, and stroke 
volume were calculated from these data. After col- 
lection of data during this baseline period, a partial 
occluding clamp was placed on the inferior vena cava 
just below where it passed through the diaphragm. 
The clamp was adjusted in such a way that the pul- 
monary capillary wedge pressure decreased by ap- 
proximately 50%; the inferior vena cava was not com- 
pletely occluded. The animal was then observed for 
several minutes to ascertain the stability of the new 
pulmonary capillary wedge pressure. A 20-min period 
was then allowed to elapse with the clamp in place, 
at the end of which hemodynamic parameters were 
again measured. 

Bupivacaine was administered after the second set 
of data were obtained in a dose of 20 mg/kg over 60 
sec intravenously into the right atrium in six animals 
with the vena cava partially clamped and in six control 
animals with no vena cava occlusion. The protocol 
for resuscitation of the animals was as follows: after 
cardiac arrest, controlled ventilation with oxygen at 
an Flo, of 1.0 was continued. Open chest cardiac mas- 
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Table 2. Resuscitation Time and Drugs Required 


Control Clamped 
Resuscitation time (min) 21205 22.2 Æ 6.9% 
Epinephrine dose (mg) 1.3 + 0.4 Lik 2 ore 
NaHCO, dose (mEq) 22.4 + 4.5 45.9 + 10.1% 
Survivors 6/6 5/6 
Mean + sp Mean + sp 
“n = 5, 
tn = 6. 
‘P < 0.05 between groups. 


sage was performed to allow for good circulation of 
administered drugs. Intravenous epinephrine was ad- 
ministered at a dose of 1.0 mg every 3 min, and so- 
dium bicarbonate was given at a dose of 1 mEq/kg at 
the beginning of resuscitation and again 15 min later 
if arterial blood gas analysis revealed a metabolic ac- 
idosis. The time from beginning of resuscitation until 
return to baseline blood pressures was recorded. Data 
analysis was done using Student's t-test for paired 
data for hemodynamic alterations after cava clamp- 
ing, and analysis of variance and Student's t-test for 
unpaired data for resuscitation results between the 
clamped and unclamped groups. P < 0.05 was con- 
sidered statistically significant. 


Results 


There was no significant difference between the base- 
line hemodynamic parameters in the control and clamp 
groups. Partial occlusion of the inferior vena cava re- 
sulted in a slight decrease in mean arterial pressure 
and much greater decreases in cardiac output and 
stroke volume (Table 1). This was accompanied by a 
significant reflex increase in systemic vascular resis- 
tance. 

The administration of bupivacaine, 20 mg/kg, re- 
sulted in cardiovascular collapse in each animal and 
was preceded by progressive bradycardia and finally 
asystole. No animal sustained ventricular tachyar- 
rhythmias. All six animals were quickly resuscitated 
in the unclamped group, but only five of six animals 
could be resuscitated after a much longer time in the 
clamped group (Table 2). The resuscitation time of 
22.2 + 6.9 min in the clamped group is for the five 
animals that could be resuscitated; the one animal that 
could not be resuscitated in the clamped group is not 
included in this value. Statistically significant in- 
creased doses of epinephrine and sodium bicarbonate 
were required in the clamped group during resusci- 
tation (Table 2). 


BUPIVACAINE RESUSCITATION AND INFERIOR VENA CAVA OCCLUSION 


Discussion 


We recently reported that after massive intravenous 
bupivacaine overdosage in well-hydrated anesthe- 
tized dogs, successful cardiovascular resuscitation can 
be accomplished easily and consistently (4). Anec- 
dotal cases of bupivacaine cardiovascular toxicity re- 
port difficult and sometimes impossible resuscitation 
attempts (1,2,3) that our current findings do not sub- 
stantiate. Many of these case descriptions occurred in 
parturients. The reason for a clustering of these prob- 
lems in the parturient is uncertain at this time. Pos- 
sible factors that could make intravenous administra- 
tion of bupivacaine more likely and resuscitation more 
difficult in parturients include the following: 1) ease 
of intravenous cannulation during epidural place- 
ment; 2) inadequate anesthetist preparation for car- 
diopulmonary resuscitation; 3) increased oxygen con- 
sumption of mother and fetus; 4) physiologic alteration 
during pregnancy, such as increased progesterone 
serum levels that might render the patient more sus- 
ceptible to cardiovascular depression from bupiva- 
caine; and 5) inferior vena cava compression by the 
gravid uterus. 

Several of these factors have been described. Epi- 
dural veins are greatly dilated late in pregnancy be- 
cause they become one of the major collateral chan- 
nels for lower extremity venous return in the presence 
of a gravid uterus that partially obstructs the inferior 
vena cava. Thus intravenous cannulation during epi- 
dural placement can easily occur. Maternal oxygen 
consumption increases and functional residual ca- 
pacity decreases during pregnancy (5). These combine 
to render the parturient hypoxic quickly during ap- 
nea. The importance of having adequate resuscitative 
drugs and equipment immediately at hand cannot be 
stressed enough. Evidence has been reported dem- 
onstrating an inconsistent change in bupivacaine sen- 
sitivity in the pregnant vs non-pregnant animal (6,7). 
A particularly important factor that has not been com- 
pletely investigated and may partly explain the dif- 
ficult resuscitation in parturients is inferior vena cava 
obstruction in the supine position due to the pressure 
of the gravid uterus. 

Postural vena cava occlusion and the supine hy- 
potensive syndrome in late pregnancy were first de- 
scribed in 1952 by Howard et al. (8). Several partu- 
rients were noted to display marked variations in blood 
pressure when they were supine and then moved to 
a position of lying on their left side. Associated with 
the decrease in blood pressure in the supine position 
were tachycardia, diaphoresis, and occasional loss of 
consciousness (8). Several subsequent investigations 
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documented nearly complete vena cava occlusion due 
to the uterus compressing the vena cava in the supine 
position (9,10). An invasive hemodynamic study in 
parturients demonstrated that vena cava occlusion re- 
sulted in decreased right atrial pressure, decreased 
cardiac output, and a reflex increase in systemic vas- 
cular resistance (11). The decreased cardiac output 
and increased systemic vascular resistance with re- 
duced organ and regional perfusion can have dra- 


‘matic effects on drug pharmacokinetics. In animals, 


decreased local anesthetic clearance was found when 
the animals were volume-depleted (12). Discrepancies 
between lower and upper extremity thiopental con- 
centrations in parturients have been attributed to vena 
cava occlusion and altered volume of distribution of 
thiopental (13). Compression of vena cava with re- 
sultant altered volume of distribution of a drug could 
be expected to result in higher serum levels and con- 
sequently the exposure of the maternal heart and the 
fetus to higher blood levels of these drugs. Thus not 
only can vena cava occlusion affect cardiac perform- 
ance, but it can also profoundly alter pharmacokinetic 
parameters. _ 

In our animals, partial occlusion of the vena cava 
resulted in only a minor decrease in mean arterial 
pressure. For the clinician not using invasive hemo- 
dynamic monitoring the situation would appear rea- 
sonably stable. However, the apparent stability is falsely 
reassuring because blood pressure is maintained by 
a doubling of systemic vascular resistance in the face 
of a greatly reduced cardiac output. These hemody-’ 
namic effects of vena cava occlusion could have pro- 
found physiologic implications. Besides the direct car- 
diac effects of decreased filling pressure and cardiac 
output, regional blood flow, and especially liver blood 
flow, could alter drug distribution and metabolism. 
Although we did not measure bupivacaine serum 
concentrations, it is likely that higher bupivacaine 
serum concentrations occurred over a longer period 
of time in the vena cava occluded group. 

This study indicates that the degree of venous re- 
turn and subsequent effect on cardiac output, regional . 
perfusion, and pharmacokinetics are important de- 
terminants of the ability to resuscitate dogs given in- 
travenous cardiovascular toxic doses of bupivacaine. 
The particular difficulty in resuscitation of the par- 
turient patients may be explained, at least in part, by 
these findings. The most important aspect of this 
problem is the prevention of intravascular injection 
of potent amide local anesthetics. However, should 
an accidental intravenous administration of bupiva- 
caine occur and result in cardiovascular collapse, the 
cardiopulmonary resuscitation effort must include 
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displacement of the uterus off the vena cava. If lateral 
displacement by tilt fails, then prompt consideration 
should be given to emergency caesarean section. A 
case report has documented that after a cardiac arrest, 
a mother could not be resuscitated until after a cae- 
sarean section was performed and the fetus removed 
(14). Thus this technique could be life saving. 

In summary, this study demonstrates that partial 
vena cava occlusion can have dramatic effects on the 
ability to resuscitate animals bupivacaine-induced car- 
diovascular collapse. These results may explain the 
apparent difficulty in resuscitating parturients after 
accidental intravenous administration of potent amide 
local anesthetics. We believe that should this un- 
toward event occur clinically, prompt relief on the 
caval obstruction may be life-saving. 


t 
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effects of atracurium on neuromuscular transmission. 
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Using standard microelectrode recording techniques, we 
studied the effects of atracurium on neuromuscular trans- 
mission in a concentration range between 10°» and 10-75 
M in the rat diaphragm. Both intact and cut diaphragm 
preparations were used. Atracurium produced no significant 
alteration of miniature endplate potential (MEPP) frequency 
(P > 0.05). Increasing concentrations of atracurium 
(1076-107 M) caused a linear decrease in MEPP ampli- 


Though neuromuscular blocking agents were initially 
thought to have as their sole site of action the post- 
synaptic membrane in blocking the cholinergic recep- 
tor (1), at least part of the activity of many of these 
drugs is now recognized to be the decrease of release 
of acetylcholine from the motor nerve terminal (2-5). 
In addition, the type of action of neuromuscular re- 
laxants is influenced by the concentration used. Small 
concentrations have stimulating properties whereas 
larger concentrations produce blockade (4). 
Atracurium is a recently developed neuromuscular 
blocking agent now available for clinical use. In ex- 
perimental animals, the drug produced blockade of 
the indirectly stimulated muscle. In the chick biventer 
cervicis muscle, the drug produced no contracture, 
suggesting absence of nicotinic agonist activity (6). 
These findings indicate that atracurium is a nonde- 
polarizing neuromuscular blocking drug. The absence 
of drug-induced contracture in the biventer cervicis, 
an action characteristic of the agonistic property of 
succinylcholine, suggests that atracurium has little or 
no succinylcholine-like activity and should produce 
no fasciculations or potassium release after adminis- 
tration. This study proposed to examine the effects 
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tude from 70.5 + 2.3% to 28.0 + 2.5% of baseline levels 
(P < 0.05). In the cut diaphragm preparation, atracurium 
increased the degree of rundown and decreased quantum 
content of the endplate potential (EPP). The above obser- 
vations suggest that atracurium interferes with neuromus- 
cular transmission by, first of all, producing cholinergic 
receptor block and secondly, producing frequency-dependent 
inhibition of release of acetylcholine from the neroe terminal. 


Key Words: NEUROMUSCULAR RELAXANTS— 
atracurium. 


of a wide range of concentrations of atracurium on 
various indicators of acetylcholine release from the 
nerve terminal and postsynaptic receptor sensitivity. 


Materials and Methods 


All experiments were carried out in vitro at room tem- 
perature on the rat diaphragm (19-22°C). The prep- 
aration was mounted in a lucite bath of 3 ml volume, 
the bottom of which was lined with plastic in which 
was embedded a plano-convex lens. The muscle was 
constantly perfused (flow rate 7 ml/min) with Ringer’s 
solution modified for the rat (NaCl 137, KCl 5.0, 
NazHPO, 1.0, NaHCP; 14.8, MgCl, 1.0, CaCl, 1.0, 
and dextrose 11 mmol/L. The solution was constantly 
bubbled with 95% oxygen/5% carbon dioxide. In all 
preparations, each endplate served as its own control. 
Control readings of the property being studied were 
obtained. The specific concentration of atracurium 
being studied was then applied for 15 min at a bathing 
solution flow rate of 7 ml/min. Test values of the prop- 
erty under study were then obtained. The preparation 
was then washed for 30 min at the same flow rate 
and, if the resting membrane potential was un- 
changed (+ 3 mV) from control values, new control 
readings were obtained for the next drug concentration. 

Intracellular potentials were measured with glass 
capillary microelectrodes of 10-20 m2 resistance filled 
with 3M KCI in a conventional manner (4). Miniature 
endplate potentials (MEPPs) were monitored on an 


oscilloscope and recorded with either an Elema- 
schonander mingograph 81 or photographed on mov- 
ing film. Endplate regions were located by identifying 
MEPPs with an increase time of less than 1 msec. 

Studies of MEPP amplitude and frequency were 
performed using the intact diaphragm. Control mea- 
surements were made for a period of 3 min, after 
which the concentration of drug to be studied was 
applied for a minimum of 15 min with a drug flow 
rate of 7 ml/min. After drug application, the param- 
eters under study were again recorded. To determine 
frequency, MEPPs were counted over a period of 3 
min. To determine mean MEPP amplitude a mini- 
mum of 100 MEPPs were measured. Resting mem- 
brane potential was observed for alterations during 
drug application. 

To determine sensitivity of the postsynaptic cho- 
linergic receptor, acetylcholine was ionophoretically 
applied to the end plate region (6,7). To minimize the 
effects of variability of size of the opening of different 
acetylcholine pipettes, the same pipette was used for 
both control and test determinations. Endplate sen- 
sitivity was expressed as millivolts of membrane de- 
polarization per Coulomb x 107? current used to ap- 
ply the acetylcholine. 

The ability of the muscle cell membrane to generate 
an action potential was studied (8). Two microelec- 
trodes were inserted into the same cell: one to deliver 
a depolarizing current, the other to record membrane 
potential change. The action potentials were analyzed 
for threshold, peak height, and rate of increase of the 
action potential. The rate of increase was determined 
with a resistance-capacitance circuit. Input resistance 
was determined by delivering hyperpolarizing pulses 
through the current-passing electrode, and the po- 
tential change was then compared to the quantity of 
current delivered (8). 

The cut diaphragm preparation described by Bar- 
stad and Lilleheil (9) was used to study the effect of 
atracurium on neurally evoked acetylcholine release. 
Use of this preparation for neuromuscular studies has 
been supported by the work of Magelby et al. (10). 
The phrenic nerve was stimulated at frequencies of 
0.1, 2, and 15 Hz. 

Each experiment was performed on a single neu- 
romuscular junction. Mean MEPP amplitude was first 
determined. Trains of endplate potentials (EPPs) were 
then elicited at the above frequencies. MEPP and EPP 
amplitudes were corrected for changes in membrane 
potential and EPP amplitudes were corrected for non- 
linear summation (10,11). 

Quantum content (m) of the EPP was obtained by 
dividing the corrected EPP amplitude by the corrected 
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Figure 1. Effect of increasing concentrations of atracurium on MEPP 
amplitude and frequency and endplate sensitivity. Endplate sen- 
sitivity was determined only at the concentrations graphed. n = 
10 endplates. Values are mean + SEM. * = P = 0.05. 


MEPP amplitude. Quantum contents were compared 
before and after application of atracurium for the first 
EPP of the train and the mean amplitude of the last 
15 EPPs. 


Statistics 
Significance of dose-response relationships was tested 
using either analysis of a variance of Student's t-test 


as appropriate (12). Values were considered statisti- 
cally significant when P = 0.05. 


Results 


Resting membrane potential was unaltered by the ap- 
plication of all concentrations of atracurium. MEPPs 
were recorded from ten endplates at each concentra- 
tion of drug. A total of 32 endplates were studied in 
28 muscles with ten endplates at each drug concen- 
tration. Miniature endplate potential amplitude was 
essentially unaffected between concentrations of 
107¥-1077 M (Fig. 1). At a concentration of 1076 M 
atracurium, the mean MEPP amplitude decreased to 
70.5 + 2.3% of the control. With atracurium at con- 
centrations of 5 x 1076 and 107°, MEPP amplitude 
was decreased to 48 + 3.5 and 28 + 2.5% of the 
control, respectively. MEPP frequency was unaffected 
over the entire concentration range of 1072-1075 M 
(Fig. 1, Table 1). 

The effects of atracurium on endplate sensitivity to 
ionophoretically applied acetylcholine were studied 
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Table 1. EPP and MEPP Values 
MEPP 
Mec Frequency of stimulus and EPP quantum content Amplitude Frequency 
concentration 0.1 Hz 2 Hz 15 Hz (mV) (MEPP/sec) 
Control 288 + 31 336 + 14 293 + 13 0.482 + 0.051 0.637 + 0.055 
10-8 M 311 + 28 286 + 17 270 + 15 0.475 + 0.043 0.659 + 0.056 
Control 353 + 36 360 + 34 391 + 38 0.463 + 0.062 0.683 + 0.052 
10771 M 328 + 52 291 + 32 356 + 33 0.468 + 0.071 0.617 + 0.046 
Control 327 + 27 358 + 10 330 + 28 0.473 + 0.051 0.774 + 0.043 
107? M 301 + 23 282 + 15 299 + 24 0.468 + 0.043 0.717 + 0.058 
Control 467 + 31 428 + 26 451 + 55 0.495 + 0.081 0.846 + 0.077 
1077M 444 + 21 333 + 19 401 + 49 0.462 + 0.069 0.766 + 0.079 
Control 382 + 43 402 + 37 408 + 37 0.502 + 0.031 0.935 + 0.071 
1076M 362 + 45 334 + 35 359 + 29 0.360 + 0.024 0.768 + 0.043 
Control 401 + 31 389 + 22 420 + 38 0.461 + 0.033 0.857 + 0.044 
5x10-°M 392 + 28 276 + 19 239 + 26" 0.220 + 0.014" 0.782 + 0.031 
Control 3/5 + 22 370 + 27 347 + B3 0.488 + 0.023 0.911 + 0.056 
1075M 345 + 27 207 + 18 78 + 20" 0.150 + 0.005* 0.729 + 0.037 


Absolute values for MEPP amplitude and frequency and quantum content of EPP at progressive drug concentrations of atracurium. n = 10 endplates 
for MEPP amplitude and frequency and 7 for quantum content at each drug concentration. 


‘P < 0.05 compared to control value. 


in 17 endplates of 15 muscles with ten endplates stud- 
ied at each drug concentration (Fig. 1). Sensitivity was 
unaffected at a concentration of 1076 M and then de- 
creased in a dose-related manner similar to the changes 
seen with respect to MEPP amplitude. Atracurium 
produced no significant alteration in muscle cell mem- 
brane input resistance or action potential generating 
properties. 

The effects of atracurium on the process of acetyl- 
choline release from the nerve terminal were exam- 
ined using the cut diaphragm preparation. Record- 
ings were made at seven endplates at each drug 
concentration studied. MEPPs and EPPs were re- 
corded and amplitudes corrected to compensate for 
alterations in membrane potential. EPP amplitudes 
were also corrected for nonlinear summation. Quan- 
tum content was then calculated. 

In the control (without drug) observations, no sig- 
nificant change (P > 0.05) occurred in the quantum 
content of ae first EPP of a train compared to the 
mean value of the last 15 EPPs at any of the three 
stimulus frequencies. With the addition of atracu- 
rium, a decrease in the mean quantum content of the 
last 15 EPPs, when compared to the first EPP, was 
noted at stimulation frequencies of 2 and 15 Hz (P < 
0.05) at drug concentrations of 5 x 1076 and 10°°M 
(Fig. 2, Table 1). 


Discussion 


Microelectrode techniques have long been utilized in 
the study of neuromuscular transmission. The earliest 
studies involved analyses of MEPP amplitude and 
frequency and their alteration by drugs. In these stud- 
ies, drug-induced changes in MEPP frequency were 
interpreted as suggesting a presynaptic or nerve ter- 
minal effect of the drug, whereas changes in MEPP 
amplitude were accepted as drug-induced effects on 
the postsynaptic cholinergic receptor (13). These gen- 
eral concepts are still considered to be valid, though 
more limited in their interpretation because of the 
differences between spontaneous and induced trans- 
mitter release. 

The technique used here necessitates mathematical 
corrections for both membrane potential changes and 
nonlinear summation. Despite these shortcomings, 
this technique has been used to analyze for drug ac- 
tions on the nerve terminal and endplate by many 
investigators (5,9,14,15), and appears to be useful in 
studies reported here. 

The absence of drug-induced alteration of resting 
membrane potential supports the concept that atra- 
curium has little or no agonist activity. Similarly, the 
absence of changes in MEPP frequency suggest that 
atracurium has little effect on those processes gov- 
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Figure 2. Effect of increasing concentrations of atracurium and in- 
creasing stimulation rate on EPP quantum content. Values are mean 
+ SEM. n = 7 endplates. * = P < 0.05. 


erning spontaneous transmitter release. The presence 
of a dose-related decrease in both MEPP amplitude 
and endplate sensitivity to ionophoretically applied 
acetylcholine strongly suggest a significant depres- 
sant effect on the postsynaptic cholinergic receptor. 
These properties .are similar to those of d-tubocurarine 
and pancuronium, but not gallamine (4,5,10,16,17). 
Both d-tubocurarine and pancuronium cause altera- 
tions in MEPP frequency not seen with atracurium. 
The maximal rate of phrenic nerve stimulation used 
here was 15 Hz compared to 50 Hz or even 150 Hz 
sometimes used in this type of study. The nerve axon 
is able to tolerate the highest rates of stimulation. 
Muscle membrane, and particularly the junctional ap- 
paratus, can tolerate only lower rates of stimulation. 
The function of the rapid rates of stimulation is to 
stress neuromuscular transmission, particularly the 
presynaptic component. The change looked for, sug- 
gesting : a-degree’ of presynaptic failure, is a decrease 
in the quantiim content of the EPP. Previous studies 
haye demonstrated that this type of failure can be 
elicited with stimulation rates as low as 2 Hz. Our 
rate of 15 Hz, thetefore, should be fast enough to 
document drug-induced interference with the pre- 
synaptic components of transmission (5). 
Atracurium in concentrations of 5 x 107° M and 
greater had a significant depressant action on induced 
transmitter release in that the mean quantum content 
of the last 15 EPPs at 2 and 15 Hz was decreased 
compared to that of the first EPP. The mechanisms 
underlying this’ process have riot been investigated 
here., The presence- of presynaptic receptors ‘and the 
action of drugs on these receptors has been the subject 
of a number of recent investigations (4,5 59. A possible 
relationship of these receptors to control of acetyl- 
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choline output by the nerve terminal has been pos- 
tulated (14). 

The usual approach to the design of muscle relax- 
ants is to attempt to find drugs which are purely cho- 
linergic nicotinic blocking drugs with their actions re- 
stricted to the postsynaptic membrane. It should be 
remembered that the usual clinical tests for the pres- 
ence and adequate reversal of neuromuscular block- 
ade rely on a fading of response with repetitive stim- 
ulation, a nerve terminal effect of the drugs. a- 
Bungarotoxin, a virtually pure postsynaptic receptor- 
blocking compound shows no train of four decrement 
nor fatigue with tetanic nerve stimulation. Thus, with 
our current tests, determining, adequate reversal of a 
pure postsynaptic blocking drug may be quite difficult. 

The primary mode of action of atracurium is that 
of a nondepolarizing neuromuscular blocking drug 
whose principal effect is a postsynaptic receptor 
blockade. Atracurium possesses some nerve terminal 
inhibitory property as is evidenced by the decreased 
quantum content of the Airs at 2 and 15 Hz rates of 
stimulation. 


The authors thank Mr. L. R. Davies for his expert assistance and 
Burroughs-Wellcome, Inc., for a supply of crystalloid atracurium. 
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selective Kappa Opioid Agonist for Spinal Analgesia without the 


Risk of Respiratory Depression 
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CASTILLO R, KISSIN I, BRADLEY EL. Selective kappa 
opioid agonist for spinal analgesia without the risk of 
respiratory depression. Anesth Analg 1986;65:350-4. 


The effects of the selective x agonist, U-50,488H, on the 
motor response to noxious mechanical stimulation when 
administered intrathecally, as well as on resptratory rate 
and Paco, when administered by intracerebroventricular 
injection, were compared with those of morphine in exper- 


The treatment of pain with spinal and epidural admin- 
istration of morphine has offered a new approach for 
pain management (1,2). The most significant side ef- 
fect after this type of opioid administration is a po- 
tentially life-threatening respiratory depression (3). 
The delayed nature of the depression makes it es- 
pecially dangerous. Thetefore, despite the very low 
incidence of this side effect, physicians are reluctant 
to use spinal (epidural) opioids for pain relief. It has 
been suggested that opioid-induced analgesia and 
respiratory depression are mediated through different 
subtypes of opioid receptors (4-6). Appearance of 
opioid agonists selective for certain subtypes of re- 
ceptors suggests, therefore, that it may be possible to 
find an opioid that will provide spinal analgesia with- 
out risk of respiratory depression in case of supra- 
spinal redistribution of the agent. Kappa opioid ag- 
onists are especially interesting in this regard. The x 
receptor profile was originally described by Martin et 
al. (7). They demonstrated the analgesic effect of x 
opioid agonist (EKS) in the spinally transected dog. 
Schmauss and Yaksh (8) have suggested that there 
are three distinct populations of opioid receptors in 
the spinal cord, the activation of which results in a 
selective modulation of the response of the animals 
to noxious stimuli. In rats with chronically implanted 
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iments on rats. The agonist U-50,488H caused a dose-de- 
pendent increase in the threshold to noxious stimulation but 
did not have a potential for depression of resting ventilation. 
The results suggest that selective k opioid agonists may be 
suitable for clinical spinal (epidural) analgesia without the 
associated risk of respiratory depression. 


Key Words: ANESTHETIC TECHNIQUES—spinai. 
ANALGESICS—opioid. 


intrathecal catheters, they demonstrated that re- 
sponses to cutaneous thermal stimulation were mod- 
ulated by wœ and 6 receptors, whereas responses to 
visceral chemical stimulation were modulated by u 
and xK receptors. As far as opioid-induced respiratory 
depression is concerned, two subtypes. of opioid re- 
ceptors are under consideration for mediation of this 
effect: ô and u-2 (5,9-11). 

The purpose of this study was to find out whether 
a k opioid agonist can provide. spinal analgesia with 
somatic mechanical stimulation and be free from the 
potential for respiratory depression. The agonist U- 
50,488H (12,13) was used as a selective. agonist. It 
is a structurally novel opioid (12,13)—{(trans-)(dl)-3, 
4-dichloro-N-methyl-N-[2-(1-pyrrolidinyl)cyclohexy]]- 
(benzeneacetamide) methane sulfonate hydrate. In 
comparison with the reputed x opioid agonists, ke- 
tazocine and ethylketocyclazocine, U-50,488H was 
shown to be a more selective x agonist. 


Methods 


Sixty-two male Sprague-Dawley rats (300-350 g) with 
chronically implanted lumbar or cerebral ventricular 
catheters were used for the study. Lumbar intrathecal 
catheters (PE-10) were implanted according to the 
method of Yaksh and Rudy (14). Cerebral ventricular 
catheters (PE-20) were implanted in the left lateral 
cerebral ventricle according to the method of Brakkee 
et al. (15). The position of the catheter was verified 
after the experiment by the injection of india ink. 

Surgical procedures for implantation of the catheters 
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Figure 1. Effect of intrathecal U-50,488H and morphine sulfate on 
motor reaction threshold to noxious stimulation. Ordinate, change 
in the reaction threshold; abscissa, dose on a logarithmic scale. 
Each point represents the mean + SEM of determinations made in 
a separate group of four rats. 


were performed with the rats under pentobarbital 
anesthesia (50 mg/kg, intraperitoneally) 4 or 5 days 
before the experiments. 

For nociceptive testing, we used the motor re- 
sponses to increasing pressure on the tail (16). Re- 
action threshold was determined with the use of an 
Analgesy-meter (Ugobasile, Milan, Italy). Each rat’s 
tail was positioned on a Teflon platform, and the pres- 
sure plate (0.7 mm edge) attached to the device was 
placed 1-2 cm from the tip of the tail (the rat was held 
by the experimenter’s hand). Pressure was increased 
at the constant rate of 80 g/sec until the animal made 
an attempt to escape (coordinated struggle). The pres- 
sure at that moment was recorded, and the mean of 
three consecutive measurements was taken as the re- 
action threshold. The threshold was measured every 
15 min, three or four times before administration of 
an agent, and four-six times after (depending on the 
duration of the effect). 

Respiratory depression was measured by the change 
in the respiratory rate. Respiratory movements were 
recorded with the technique similar to that described 
by Hunt and Kimeldorf (17). A thin rubber belt was 
placed around the chest and connected to a force dis- 
placement transducer (Grass FTO3). The rats were 
sitting in a plastic restrainer (Harvard Universal Rat 
Restrainer), and the rubber belt was connected to the 
transducer with a thread passing through a slot in the 
restrainer. The output from the transducer was dis- 
played on a polygraph (Grass D7). The respiratory 
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Figure 2. An example of time course of the effect of intrathecal U- 
50,488H (50 ug) on the reaction threshold to noxious stimulation. 


rate was recorded for about 45 min before the agent 
was injected. 

In a separate series of experiments, respiratory 
depression was studied by measuring changes in 
Paco. The rats used in this series of experiments 
were surgically prepared to have the catheter (PE-10) 
in the aorta (placed through the femoral artery). The 
peripheral end of the catheter was tunneled subcu- 
taneously and exteriorized at the back of the neck. 
The catheter was kept patent with heparinized saline 
(100 U/ml). The cannula was placed simultaneously 
with the implantation of a cerebroventricular catheter. 
On the day of the experiment, each rat was placed in 
the restrainer 30 min before the experiment. After this 
period blood samples (0.2 ml) were withdrawn from 
the catheter before, and every 10-15 min after opioid 
administration for a total of five samples. Immediately 
before the investigator took a sample, 0.15 ml of blood 
was withdrawn from the catheter to prevent 0.1 ml 
dead space from affecting the Paco. measurement 
(the 0.15 ml volume was injected back after the sample 
was taken). Arterial blood gas tensions were mea- 
sured using an IL System 1303 Blood Gas Analyzer 
(Instrumentation Laboratory, Inc.). | 

The following series of experiments were per- 
formed: analgesia series with spinal administration of 
agents and two respiratory depression series with in- 
tracerebroventricular injections of opioids. In each se- 
ries of experiments, there was a subseries of experi- 
ments performed with U-50,488H and with a reference 
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Figure 3. An example of time course of the effect of intrathecal 
morphine sulfate (5 ug) on the reaction threshold to noxious 
stimulation. 


agent, morphine sulfate. In the analgesia series, mor- 
phine was used in doses 1, 2, 5, and 10 wg (four 
animals for every dose) and U-50,488H in doses of 10, 
20, and 50 ug (also four animals for every dose). In 
the respiratory rate series, morphine was used in doses 
of 1, 5, and 10 wg (four animals per dose) and U- 
50,488H in doses of 50, 100, 300, and 500 wg with 
three animals per dose. A control group of four ani- 
mals was also used that received an injection of 10 ul 
of Elliot’s B solution. In the Paco, series, morphine 
was used in a dose of 10 pg and U-50,488H in a dose 
of 300 ug (six animals). In all experiments, each animal 
was given only one dose of an agent. 

All values are summarized as the mean plus or 
_ minus the standard error of the mean. Percentage 
- changes in the respiratory rates were analyzed by a 
one-way analysis of variance and one-sample t-tests. 
The differences in Paco, changes were assessed by a 


repeated measures analysis of variance (18). A linear | 


regression model relating motor reaction threshold to 
drug doses on a logarithmic scale was fit by the method 
of least squares. These equations were used to esti- 
mate the dose of each drug that corresponded to a 
50% increase in the threshold value and their asso- 
ciated potency ratio (19). Results were statistically sig- 
nificant at P < 0.05. 

Drugs were injected with a Hamilton syringe. They 
were dissolved in Elliot’s B solution (NaCl, 126 mM; 
NaHCOs;, 23 mM; Na-HPO, 3 mM; MgSO, 1 mM; 
KCI, 4 mM; glucose, 4 mM). Volume of injection was 
from 10 to 15 wl. Morphine sulfate was obtained from 
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Figure 4. Effect of intracerebroventricular U-50,488H and mor- 
phine on respiratory rate. 


the Merck Company; U-50,488H was a gift from the 
Upjohn Company. 


Results 


Figure 1 shows U-50,488H and morphine dose-effect 
curves for motor reaction threshold to noxious stim- 
ulation of the tail. As can be seen, U-50,488H produced 
a dose-dependent increase in the reaction threshold 
after intrathecal injection. The dose of U-50,488H that 
increased reaction threshold by 50% was 13.2 ug. The 
analogous dose of morphine was 0.96 wg. Consid- 
ering this level of the response, the intrathecal po- 
tency of U-50,488H was approximately 13 the potency 
of morphine. Figures 2 and 3 present examples of the 
time courses of the effects of U-50,488H (50 wg) and 
morphine (5 ug) on the reaction threshold. 

Effects of U-50,488H and morphine on respiratory 
rate are shown in Figure 4. As compared with the 
control group (saline), morphine significantly de- 
creased the respiratory rate after intracerebroventric- 
ular administration in doses of 5 and 10 yg. At the 
same time, U-50,488H in the dose range from 50 to 
300 ug did not change the respiratory rate. Further 
increase in the dose, up to 500 ug, caused excitation 
with an increase in respiratory rate by approximately 
75%. 

Paco, measurement yielded a mean baseline value 
of 41 + 2 mm Hg. Administration of morphine (10 
ug, intracerebroventricularly) significantly increased 
Paco, (Fig. 6). At the same time, injection of U-50,488H 
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Figure 5. The effect of the intracerebroventricular injection of U- 
50,488H (300 ug) on Pacos. 


(300 ug, intracerebroventricularly) did not induce any 
increase in Paco. On the contrary there was a ten- 
dency for Paco, to decrease (Fig. 5). 


Discussion 


Studies of the benzomorphan analogs (7) and endor- 
phines (20) have led to the hypothesis that separate 
subclasses of opioid receptors exist. These subclasses 
may mediate difference pharmacologic effects. With 
the appearance of opioid agonists selective for a cer- 
tain subclass of opioid receptors, the possibility is now 
being investigated that some of the selective agonists 
may prove to be useful analgesics without many of 
the undesirable effects of morphine. In the present 
study we tested a hypothesis that a « opioid agonist 
may provide pronounced spinal analgesia for somatic 
mechanical stimulations without respiratory depres- 
sion. There are a number of reputed x opioid agonists, 
such as ketazocine, ethylketocyclazocine, and bre- 
mazocine. For our study, we used U-50,488H, which 
is a more selective x agonist (21). It was discovered 
by Szmuszkovicz and VonVoigtlander (Upjohn Co.) 
and currently is in use as an experimental compound 
(12,13). 

In our experiments, the x opioid agonist U-50,488H, 
in contrast to morphine, did not cause respiratory 
depression in rats. When U-50,488H was used in the 
dose range from 50 to 300 ug, no decrease in respi- 
ratory rate was found (and some increase with 500 
ug). Measurement of Paco, confirmed absence of any 
significant depression of resting ventilation with U- 
50,488H, 300 ug, intracerebroventricularly (but this 
does not necessarily prove that the slope of the ven- 
tilatory response to increased carbon dioxide tensions 
is equally unaffected). Our data agree with the con- 
cept that opioid-induced respiratory depression is 
mediated by u-2, or delta receptors, or both (11,22). 
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Figure 6, The effect of the intracerebroventricular injection of mor- 
phine sulfate (10 wg) on Pacos. 





Because U-50,488H is a selective « opioid agonist 
(13,21), it probably does not interact to any significant 
extent with the subtypes of opioid receptors that me- 
diate respiratory depression. 

Along with the absence of respiratory depression 
with intracerebroventricular administration of U- 
50,488H, we found that this agent, when used in- 
trathecally, caused a pronounced analgesic effect with 
the tail pressure test. U-50,488H demonstrated about 
“13 the potency of morphine with this test. Yaksh and 
schmauss found that U-50,488H administered in- 
trathecally had approximately “io the potency of mor- 
phine when visceral nociceptive stimulation was used 
(writhing response) (8). It should be noted that with 
thermal stimulation (tail flick response), U-50,488H 
was only marginally active in rats (8). This agrees with 
the observations regarding another x agonist -EKC— 
which, when used intrathecally, has little effect in 
suppressing the thermally evoked reflexes (7,23). Tyers 
first suggested that different opioid receptors mediate 
antinociceptive actions against different types of nox- 
ious stimuli (24). Yaksh et al. clearly demonstrated 
this on the spinal level (8,23). If a unique association 
between the particular receptor and a given neural 
substrate that mediates the spinal processing of a spe- 
cific class of stimulus exists, selective opioid agonists 
may not be helpful with every type of pain. Kappa 
opioid agonists probably are effective against somatic 
pain caused by mechanical stimulation and visceral 
pain caused by chemical stimulation, but not against 
cutaneous pain caused by thermal stimulation. The 
involvement of x receptors in useful analgesia for dif- 
ferent types of pain in humans remains to be 
established. 

The present data suggest that selective x opioid 
agonists may potentially be able to provide clinical 


spinal (or epidural) analgesia without risk of respi- 
ratory depression. In addition, the data may offer a 
new way to deal with the development of tolerance 
to the narcotic analgesics. The development of tol- 
erance is one of the most important complications of 
spinal (epidural) analgesia with narcotics (25). Lack 
of cross-tolerance between agents acting on different 
opioid receptors is well-known (3); mice treated 
chronically with U-50,488H do not, for example, de- 
velop cross-tolerance to morphine (12). Therefore if 
tolerance to a selective x opioid agonist develops, it 
might be expected that morphine, acting through other 
subtypes of opioid receptors, may be used as a reserve 
agent for spinal analgesia. It should be kept in mind 
that the absence of respiratory depression with the 
use of selective x opioids in the rat does not neces- 
sarily imply the same effect in humans. 

In conclusion, rat experiments demonstrate that U- 
50,488H causes a dose-dependent increase in the 
threshold to noxious mechanical stimulation and, at 
the same time, does not have a potential for depres- 
sion of resting ventilation. 
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The influence of N20 on O, consumption by mitochondria 
isolated from the cerebral cortex of goats was examined in 
incubations preequilibrated with N,O—O, or N,—O.. Rates 
of O, consumption were measured polarographically in a 
closed system while adenosine triphosphate (ATP) formation 
was maximal (after addition of excess adenosine dtphosphate 
(ADP), state 3 respiration) and then when it was at zero 
(after addition of excess oligomycin, state 4 respiration). 
Compared with 90% N2, 90% NO produced no change in 
the rate of state 3 respiration; but an observed 9% decrease 
in the state 4 rate and an 11% increase in the state 3: state 
4 ratio were statistically significant (P < 0.05). These dif- 


Although more widely used, N20 is less well under- 
stood in its actions than are other inhalation anes- 
thetics. The latter have been found as a group to 
inhibit adenosine diphosphate (ADP)-stimulated 
mitochondrial O, consumption (state 3 respiration) in 
vitro, with individual potencies that correlate well with 
the respective anesthetic potencies (1). This correla- 
tion had not been established for N.O: inhibition of 
state 3 respiration by N30 in liver mitochondria was 
demonstrated only when halothane was also present 
(2). We have therefore investigated whether N2O at 
physiologically relevant concentrations and in the ab- 
sence of other anesthetics has direct effects on state 
3 and state 4 (ADP-independent) respiration in cere- 
bral cortex mitochondria. 
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ferences were not seen with Na and N2O at 70% rather than 
at 90%, or when succinate rather than pyruvate—malate 
was used as the resptratory substrate. We conclude the fol- 
lowing: Unlike other inhalation anesthetics, NO at com- 
parable anesthetic concentrations does not inhibit mito- 
chondrial electron transport or ATP formation coupled to 
it (oxidative phosphorylation). N,O does inhibit one or more 
other processes, as yet unidentified, which are energetically 
coupled to electron transport. The increased cerebral Oz 
consumption that accompanies N:O anesthesia cannot be 
attributed to a direct effect of NO on mitochondrial 
respiration. 


Key Words: ANESTHETICS, Gasgs—nitrous oxide. 
METABOLISM—oxygen consumption. OXYGEN, 
CONSUMPTION-——brain. 


Methods 


Adult male goats were anesthetized with enflurane, 
then intubated and ventilated while brains were rap- 
idly removed. The total time required for anesthesia 
and brain removal was always less than 10 min. Brains 
were cooled by immersion in ice-cold isolation me- 
dium consisting of 0.32 M sucrose, 1 mM ethylene 
glycol bis(B-aminoethyl ether)-N,N,N’,N’-tetraacetic 
acid (EGTA), 5 mM 4-(2-hydroxyethyl)-1-piperazine 
ethanesulfonic acid (HEPES), and 0.1% bovine serum 
albumin, all adjusted to pH 7.2 with KOH: From the 
7-8 g of cortex obtained by dissection, a mitochondrial 
fraction was isolated using an adaptation of published 
procedures (3-5). Specifically, whole tissue was thor- 
oughly minced, diluted 5-fold with isolation medium, 
and homogenized with 4 up-and-down strokes in a 
Potter-Elvejhem homogenizer. Nuclei and undis- 
rupted cells were removed by sedimentation at 600 g 
for 10 min; the remaining supernatant was then cen- 
trifuged at 14,000 g for 10 min to pellet the crude 
mitochondrial fraction. The mitochondrial pellet was 
resuspended in a minimum volume of fresh medium 
and layered onto a 20-ml “cushion” of 0.32 M sucrose 


1986;65:355-9 BECKER ET AL. 


Table 1.. Cerebral Mitochondrial Respiratory Parameters: Absolute Values 





State 3 State 4 Respiratory 
Gas rate rate control 
Substrate phase (nmol-min~-mg?) (nmolanin~ mg ~?) ratio 

AC NE C—O A et pepe rane —- 
Pyruvate (n = 17) N,O-O, 21.8 + 1.8 2:7 & 0.2" 8.2 + 0.6 
N0: 213-218 3.0 + 0.3 7.4 + 0.5. 

Succinate (n = 15) N2,0O-O, 18.6 + 2.1 5.4+ 0.5 3.4 + 0.2 
NO: 19.2 + 3.0 5.3 + 0.6 3.5 + 0.3 





Values shown are mean + SEM. 


‘P < 0.05 for N-O—-O, vs NO. 


NO N, NO N, NO N, 
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containing 4% w/v Ficoll (Sigma Chemical Company). drial suspension (4 mg protein) added through an 
Subsequent centrifugation at 40,000 g for 30 min sed- injection port to completely fill the chamber and ini- 
imented. mitochondria while leaving in suspension tiäte O, consumption. After 10-15 sec of further equil- 
contaminating membranes, especially those of syn- _ibration, sufficient ADP (400 nmol) was added to stim- 
aptosomés. Mitochondria were resuspended toa final ulate the maximum rate of coupled respiration (state 
protein concentration of 40-80 mg/ml, as determined 3 as defined by Chance and Williams (7)). As has 
by the procedure of Bradford (6). previously been reported by others (4), state 4 (ADP- 
Oxygen consumption was measured polarograph- unstimulated) respiration was not spontaneously at- 
ically at 37°C using a membrane-covered Clark elec- tained in incubation medium containing Mg?* . There- 
trode fitted into a 2-ml incubation chamber (Gilson fore, after ADP had been added and the ensuing lin- 
Medical Electronics, Middleton, WI). The medium ear state 3 rate measured for 1-2 min, the equivalent 
contained 120 mM KCI, 25 mM HEPES, 4 mM MgCl, of state 4 was imposed by adding oligomycin (5 pg) 
3 mM ATP, 2 mM PO,, and either 5 mM pyruvate/5 to inhibit mitochondrial adenosine triphosphate (ATP) 
mM malate or 5 mM succinate, at pH 7.0. N20 or N2 synthetase (4). After measuring state 4 for another 
mixed with O, (10% or 30%) was bubbled into this 1-2 min, the respiratory control ratio (RCR) was cal- 
medium at 400 ml/min for at least 5 min through a culated as the state 3 (ADP-stimulated) rate divided 
needle attached to the outflow line of an anesthesia by the state 4 (oligomycin-inhibited) rate. 
machine. In rapid succession the needle was with- Values of respiratory parameters measured in iso- 
drawn, the chamber stoppered, and the mitochon- lated mitochondiia can show considerable between- 
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experiment variation due to uncontrollable differ- 
ences in the mitochondrial preparations themselves. 
Because this variation can be large enough to obscure 
effects arising from manipulation of the experimental 
variables, differences between NO and N; exposure 
were assessed by pairing and comparing values ob- 
tained from the same mitochondrial preparation, then 
using the t-test to determine whether those differ- 
ences as a group differed significantly from zero [the 
paired t-test (8)]. P < 0.05 was considered statistically 
significant. 


Results 


Table 1 presents average values of mitochondrial res- 
piratory parameters obtained from incubations equi- 
librated with 90% N- or N-O. Absolute values for state 
3 and state 4 rates and RCRs agree well with those 
reported by other laboratories for isolated brain mi- 
tochondria (4,5). Also evident are the higher state 4 
rates and lower RCRs when succinate, rather than 
pyruvate—malate, is used as substrate, as first re- 
ported by Clark and Nicklas (3). 

Figure 1 shows individual values of all three res- 
piratory parameters obtained with the 17 different 
mitochondrial preparations incubated with pyru- 
vate-malate as substrate and exposed to either 90% 
N20 or N2. For each parameter there was considerable 
overlap among groups of values obtained with NO 
and N2. However, when values from the same prep- 
aration (those joined by lines in Fig. 1) were com- 
pared, 13 of 17 RCRs (Fig. 1C) obtained with NO 
were higher than corresponding values with No, a 
statistically significant (P < 0.05) preponderance by 
paired t-test. Similarly, state 4 values with N-O were, 
as a group, significantly lower than their N, counter- 
parts; whereas state 3 values showed no dependence 
on composition of the gas phase. Furthermore, no 
N,O-associated change in any respiratory parameter 
was seen with succinate as substrate (Table 1), or with 
N20 and N: at 70% rather than 90% (data not shown), 

Table 2 shows the same results as Table 1 but with 
N20 values expressed as fractions of the N, values so 
that differences may be more easily judged. Com- 
pared with Nə, N20 produced no change in state 3, 
a 9% decrease in state 4, and an 11% increase in RCR. 


Discussion 


The major findings and conclusions of this study de- 
rive from the pattern of observed N,O effects on res- 
piratory states of isolated cerebral cortex mitochondria. 


Nitrous oxide did not alter state 3 respiration. This 
finding sets N20 apart from other anesthetics: those 
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Table 2. Cerebral Mitochondrial Respiratory 


NLO value 


Parameters: 
N- value 


Respiratory 


Substrate State 3 rate State 4 rate control ratio 


0.05: 1 0.03" 
1.00 + 0.05 


1.00 + 0.02 0.91 


Pyruvate (n = 17) 2 
roz a005 “E0607 


Succinate (n = 15) 


Values shown are mean + SEM, 
iP < 0.05 for NsO-O, vs NO. 


with reported mitochondrial effects inhibited state 3 
respiration in vitro, when tested at concentrations 
equianesthetic with 70-90% N-20 (9). Specifically, state 
3 respiration in isolated rat liver mitochondria was 
decreased by about 20% in the presence of 0.4% halo- 
thane (~ 0.5 MAC) (10) and by about 15% with 0.6% 
enflurane (~ 0.4 MAC) (11). Assuming (conserva- 
tively) that 90% NO represented the equivalent of 
only 0.5 MAC, a decrease in state 3 respiration of 
15-20% from the value obtained with control (90% 
Nə) would have been expected in this study, had the 
effect of N20 been comparable to that of the other 
inhalation anesthetics. Lack of state 3 inhibition means 
that N.O did not interfere with mitochondrial oxi- 
dative phosphorylation (ATP production) even at the 
latter’s maximal rate. Furthermore, because electron 
flow along the respiratory chain is near-maximal in 
state 3, such inhibition would have been detected 
with considerable sensitivity. 


Nitrous oxide inhibited state 4 respiration. In this re- 
spect, too, N20 differed from other anesthetics, which 
were reported to produce negligible effects on state 
4 respiration at doses that substantially inhibited state 
3 (1). In addition, our finding that NO inhibited state 
4 confirmed that 90% N-O was a sufficiently high 
concentration to elicit effects on mitochondrial res- 
piration. The lack of observed state 3 inhibition with 
90% N20 in this study can therefore be ascribed to 
the actual absence of that particular effect and not 
merely to the use of an N20 concentration too low to 
produce a detectable response. 


Nitrous oxide did not increase state 4 rates. This result 
rules out an uncoupler-like action of NO that might 
nave explained our laboratory’s earlier finding that 
N20 anesthesia in goats increased cerebral metabolic 
rates without changes in tissue high-energy phos- 
phates (12). We now favor the alternative explanation 
that shifts in phosphorylation state sufficient to stim- 
ulate O, consumption did occur but were not detected 
by the analytical procedures used, a common tech- 
nical problem in assessment of energy status from 
samples of intact tissue (13). 


In the present study, the use of fractionally higher 
N20 and N, concentrations (90%) was crucial to elic- 
iting a differential response because none was dis- 
cernible at 70%, in agreement with Nahrwold and 
Cohen’s results with liver mitochondria (2). The con- 
comitant use of O, at 10% probably improved the 
simulation of in vivo conditions, because intracellular 
O; tensions in the vicinity of mitochondria are thought 
to be at least that low in metabolically active tissues 
(14,15). On the other hand, the use of hyperbaric 
* techniques to achieve still higher concentrations of 
dissolved. N20, and thus encompass a larger portion 
-of the N,O dose-response curve, would have added 
another variable and been inconsistent with the aim 
of simulating clinically relevant conditions in vitro. 

Concentrations of N-O, N; and O, dissolved in 
the incubation medium after gassing were not mea- 
sured directly, raising the possibility that the ob- 
served effects were due to systematic differences in 
Po, between N,O—O, and N2—O, incubations, arising 
from discrepancies in absolute rates of N20 and N, 
delivery by the anesthesia machine. However, the 
rates of both state 3 and state 4 respiration have pre- 
viously been shown to be. independent of Po, for 
values ranging from 1 atm to less than 1 mm Hg (16) 
for a variety of mitochondrial preparations. 

_ The possibility that enflurane administered during 
brain removal may have altered the response of iso- 
lated mitochondria to subsequent N20 exposure can- 
not be excluded based on the data in this study. How- 
ever, the probability of such an effect is mitigated by 
the relatively short duration of enflurane exposure (10 
min) compared to the ensuing 2- to 3-h preparation 
period over which tissue fractions equilibrated freely 
with room dir. The likely dissipation of énflurane within 
that interval is supported by the finding that halo- 
thane-induced alterations of mitochondrial respira- 
tion were absent if halothane exposure was limited 
to brief anesthesia prior to mitochondrial isolation (17). 

The data reported here do not support the conclu- 
sion of Nahrwold and Cohen (2) that N20 is capable 
of inhibiting state 3 respiration in mitochondria. These 
investigators found no inhibition of state 3 by 70% 
N20 alone, whereas 70% N2O mixed with a calculated 
equipotent dose of halothane produced inhibition ex- 
ceeding that expected from halothane alone. How- 
ever, the contribution of halothane to the total ob- 
served inhibition appears to have been underestimated 
because the authors used an interpolated value of IDso 
considerably higher than a directly measured value 
from their own laboratory (18). Thus inhibition at- 
tributed to NO was actually produced by halothane. 
Their study reported no measurements of state 4 rates; 
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therefore no comparison can be made with the effects 
noted by us. 

The significance of N,O-mediated effects on mi- 
tochondrial respiration lies less in their magnitude 
than in their implication for understanding the mech- 
anisms of N20 action. Nahrwold and Cohen (2) found 
that N2O showed the same relationship between state 
3 inhibition and anesthetic potency demonstrated by 
other general anesthetics (9), which supports their 
proposed theory of unitary mechanism of anesthetic 
interactions with mitochondrial membrane-localized 
reactions (18). By the same reasoning, we feel that 
our equally well-documented but different pattern of 
mitochondrial effects raises doubts about the uni- 
formity of such interactions. 

The finding of N,O-mediated effects on mitochon- 
drial state 4 respiration, like previously reported state 
3 effects of other anesthetics (9), can-be further ex- 
amined to ascertain which component reaction(s) may 
have been affected by N20. Nitrous oxide action on 
the respiratory chain or ADP phosphorylation can be 
excluded because state 3 effects were absent, as dis- 
cussed earlier. In state 4; energy release is coupled 
riot to ATP formation but rather to continuous active 
transport of H* and Ca**.that maintains steady-state 
electrochemical gradients of these ions across the mi- 
tochondrial membrane (19). Inhibition of Ca?* trans- 
port by N20 could not have accounted for decreased 
state 4 O, consumption, because abolishing Ca** 
transport by adding EGTA to chelate available Ca?* 
(20) did not eliminate the differences between N20 
and N, effects on state 4 respiratory rates (unpub- 
lished observations). The alternative possibility that 
N20 produced decreases in H* transport is strength- 
ened by the known sensitivity of transmembrane Ht 
fluxes to changes in membrane permeability (19). The 
latter is in turn governed by physicochemical prop- 
erties such as fluidity known to be altered by anes- 
thetics (21). 


We acknowledge the skilled assistance of Michael Morgan and 
Audrey Holland with experiments, and Sherry Alonzo and Barbara 
Berger with the manuscript. 
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Studies were done to examine neuronal and extraneuronal 
uptakes of norepinephrine in canine saphenous veins and to 
ascertain whether these uptakes were altered by halothane. 
Minced vein was incubated for 1 min in Krebs-Ringer so- 
lution containing L-{ring-2,5,67H]-norepinephrine (1, 2.5, 
6, or 12 uM). After incubation, radioactivity in tissue was 
measured by liquid scintillation counting. Neuronal uptake 
at each norepinephrine concentration was determined by the 
difference in norepinephrine uptake between tissues in which 
both neuronal and extraneuronal uptakes were operative and 
in tissues in which only extraneuronal uptake was operative. 


At synaptic clefts in blood vessels the amount of neu- 
rotransmitter norepinephrine (NE) available to inter- 
act with postsynaptic receptors is dependent upon 
the balance between the amount of NE released and 
the amounts of NE removed by neuronal uptake, ex- 
traneuronal uptake, and overflow from the cleft (1—4). 
Historically neuronal uptake was considered to be the 
most important for removal of released NE because 
this uptake was reported to have a high affinity for 
NE (5). By contrast, extraneuronal uptake, with its 
low affinity but high capacity, was presumed to be- 
come active only when neuronal uptake was over- 
whelmed (6). More recent studies question this con- 
cept and have suggested that extraneuronal uptake 
participates in removing NE from the cleft even at low 
concentrations of NE (4,7,8). 

A decrease in removal of NE from the synaptic cleft 
_ by either neuronal or extraneuronal uptake or an in- 
crease in release of NE from the nerve endings could 
be expected to increase the NE concentration in the 
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In time studies with 1 pM norepinephrine, neuronal uptake 
was still dominant at 10 min; with 12 uM norepinephrine, 
extraneuronal uptake predominated at all incubation periods 
tested. In other studies, tissues were incubated in the absence 
or presence of halothane (2.5%). The Km values for neuronal 
uptake in control and halothane-treated tissues were 2.49 
and 2.32 uM, respectively. Corresponding V max values were 
0.049 and 0.060 nMol-min~?-100 mg~', respectively. No 
significant effect of halothane on neuronal or extraneuronal 
uptake could be detected. 


Key Words: ANESTHETICS, vo.atiLe—halothane. 
SYMPATHETIC NERVOUS SYSTEM—neuronal nor- 
epinephrine uptake. 


synaptic cleft, thereby increasing the overflow of NE 
from the cleft into the circulation. Evidence that halo- 
thane may inhibit neuronal (9) and extraneuronal (10) 
uptakes has been presented, although this hypothesis 
has not been supported by all studies (11-13). The 
present studies were undertaken to examine neuronal 
and extraneuronal uptakes of NE in canine saphenous 
veins and to determine whether halothane altered 
these processes. Km and Vmax Values for neuronal up- 
take were determined in control and halothane-treated 
veins. 


Methods 
Experimental Design 


A time study was first performed to ascertain the 
incubation period during which the initial rate of neu- 
ronal uptake was linear. Studies were performed with 
a relatively low (1 uM) and a relatively high (12 aM) 
concentration of H]NE. After an appropriate incu- 
bation time was determined in the time study, a study 
involving incubation of each tissue for a fixed time (1 
min) with a range of [7H]NE concentrations (1, 2.5, 
6, or 12 uM) was undertaken to yield the uptake sat- 
uration curve necessary to determine the Km and Vmax 
values for neuronal uptake (14). For the saturation 
study, tissues were incubated in two sets: one set was 
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incubated in the presence, and the other in the ab- 
sence of 2.5% halothane. 


Vein Collection and Preparation 


Adult mongrel dogs (20-30 kg) of either sex were 
fasted for 1 day before being anesthetized with pen- 
tobarbital sodium (30 mg-kg~', intravenously). A lat- 
eral saphenous vein was removed and placed in 
preoxygenated Krebs-Ringer solution (4). Each vein 
was cleaned of surrounding fascia and cut longitu- 
dinally to yield a flat strip. Each strip was then minced 
with scissors into pieces approximately 1 mm on a 
side. The mince was rinsed in fresh Krebs—Ringer 
solution. The tubes containing the tissue samples were 
then placed in a water bath at 37°C, bubbled with 5% 
CO; in oxygen and allowed to undergo posthandling 
stabilization. After 100 min, the volume of Krebs-Ringer 
solution in each tube was reduced to 2 ml, and the 
incubation and aeration were continued for an ad- 
ditional 30 min. 


Determination of Neuronal Uptake With Time 


After the second incubation phase, an additional 2 ml 
of Krebs—Ringer solution was added to each sample. 
The solution contained sufficient amounts of the fol- 
lowing compounds to pive a final concentration of: 
either 0.09 or 0.18 uCiml ~ ' of °H-(—) norepinephrine 
(PHINE); either 1, 2.5, 6, or 12 uM unlabeled (—) 
norepinephrine; 0.05 uCiml `! of “C-(+) sorbitol; 
0.01% EDTA; and 0.01% ascorbic acid. For determi- 
nation of linearity of neuronal uptake with time, tis- 
sues were incubated in duplicate | n in 1 uM Meso 


PHINE (0.18 wCi-ml~ 1) for 0.75, ? 15: or 2 min. A 
take values of duplicate samples were averaged. Up- 
take of PH]NE was terminated by transferring each 
tissue sample to 5 ml of ice-cold Krebs-Ringer solu- 
tion for 10 sec. Tissues were then blotted and weighed. 
The average ( + SEM) weight of tissues studied in each 
experiment was 15.8 + 0.2 mg (n = 224). 


Determination of PHINE Uptakes 


Neuronal uptake (uptake of PH]NE into nerve end- 
ings), extraneuronal uptake (uptake of PH]NE into 
nonneuronal tissues), and total uptake of [H]NE 
(neuronal plus extraneuronal uptakes) were mea- 
sured or derived in each experiment according to the 
following protocols: All tissues were paired; one sam- 
ple from each pair had cocaine (100 yM) added during 
the last 30 min of the tissue stabilization period pre- 
ceding radioactive labeling, whereas the other sample 
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did not. This concentration of cocaine serves as a po- 
tent inhibitor of neuronal amine uptake (15). Total 
uptake of [H]NE was determined from the sample 
not treated with cocaine. Uptake of PH]NE in the 
presence of cocaine was taken to be extraneuronal, 
and was subtracted from total uptake to yield neu- 
ronal uptake. The [*H]NE content of tissue neuronal 
and extraneuronal compartments was expressed as 
nMol of PH]NE taken up per 100-mg tissue wet weight. 

Corrections were made for the uptake of PHJNE 
within tissue extracellular space (the space between 
cells making up the tissue). The incubation fluid of 
all tissues studied contained ['*C]sorbitol concurrent 
with the presence of [PH]NE. It was assumed that, as 
in other tissues (16), H]NE and ['*C]sorbitol would 
spread through the extracellular space of saphenous 
veins at the same rate. Thus for each incubation pe- 
riod the [*H]NE uptake into extracellular space was 
calculated from the ['*C]sorbitol distribution, and was 
subtracted from uptake of tritium. 


Application of Halothane. 


When the effects of 2.5% halothane on uptakes were 
studied, two sets of paired tissues were incubated. 
One set (controls) was treated as described (see atov); 
except each tissue pair was incubated in 0.09 wCi-ml ~ 
of PH]NE at one of four different concentrations (1, 
2.5, 6, or 12 uM) for 1 min. The other set was treated 
identically, except tissues were additionally exposed 
to 2.5% halothane delivered with the bubbling gas. 
Halothane was supplied during the last 30 min of the 
stabilization period preceding incubation and during 
incubation in [7H]NE. Muldoon et al. (17) have re- 
ported that after 30 min exposure venous tissue is 
equilibrated with halothane. The anesthetic was de- 
livered through a copper kettle vaporizer, and its con- 
tent in the gas aerating the incubation fluid was mon- 
itored continuously with an infrared halothane analyzer 
(Beckman LBH). Before each experiment the analyzer 
was calibrated with premixed halothane standards of 
0.75% and 2.8%. 


Measurement of Radioactivity 


After weighing, tissues were solubilized overnight at 
room temperature in 0.75 ml of Soluene-350. A low- 
chemiluminescence scintillation cocktail (10 ml) was 
then added to each sample and °H and "C content 
activity were measured simultaneously by liquid scin- 
tillation counting (Beckman Model LS9800). Radio- 
activity was also measured in duplicate aliquots of the 
fluid in which each tissue was incubated (0.2 ml sam- 
ples taken at the end of incubation were added to 10 
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Figure 1. Comparison of the amounts of °H-(—)norepinephrine 
(H]NE) taken up into canine saphenous vein when [SH]NE con- 
centrations were 1 and 12 uM. Ordinates: Uptake of PH]NE (nMol-100 
mg”? wet weight). Abscissae: Duration of incubation (min) in the 
presence of 1 aM (A) or 12 uM (B) [PH]NE. Tissues were incubated 
in 4 ml of 37°C Krebs-Ringer solution containing either 1 aM (0.09 
pCieml~*) or 12 uM (0.18 wCisml~*) PHINE. Incubation time varied 
from 1 to 10 min with 1 aM PHINE and from 0.75-2 min with 12 
uM PHINE. Tissues were always paired; each pair contained one 
tissue incubated in the presence of cocaine, the other in the absence 
of cocaine (100 uM). Neuronal uptake (O—O) was determined by 
the difference in uptake between the cocaine-treated (extraneuronal 
uptake, @—@) and the noncocaine-treated tissue (total uptake X— 
X). [*C]sorbitol (0.5 wCi-ml~') was used to correct for PH]NE dis- 
tribution within tissue extracellular space. Shown are means + SEM 
of 4 tissues at each time interval. 


mil of high-flashpoint scintillation cocktail). Counting 
efficiencies for 7H and “C ranged from 29 to 35% and 
from 68 to 72%, respectively. 

The following materials were used: L-[ring-2,5,6- 
$H]-norepinephrine (48.4 CimMol~') (NET 678) and 
D-[4C(U)}-sorbitol (346.0 mCimMol~*') (NEC 386), 
New England Nuclear, Boston, MA; nonradiolabeled 
(—) norepinephrine bitartrate salt, Sigma Chemical 
Company, St. Louis, MO; cocaine hydrochloride, 
Merck Chemical Division, Rahway, NJ; halothane, 
Ayerst Incorporated, New York, NY; premixed halo- 
thane-oxygen calibrating gas, Ohio Medical Prod- 
ucts, Madison, WI; tissue solubilizer (Soluene-350) and 
low-chemiluminescence scintillation cocktail (Dimi- 
lume-30), Packard Company, Downers Grove, IL; high 
flashpoint scintillation cocktail (Safety-Solve), Re- 
search Products International, Mount Prospect, IL. 


Results 


The Kinetics of Neuronal and Extraneuronal 
Uptakes in Canine Saphenous Veins 


When veins were incubated in 1 uM PHINE, uptakes 
into neuronal and extraneuronal tissues were equal 
up to 2 min; subsequently neuronal uptake was pre- 
dominant and remained so throughout the balance of 
the 10-min incubation (Fig. 1A). During the first 5 min 
of the incubations, neuronal uptake was linear; be- 
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Figure 2. Time-course study of distribution of 1 aM *H-(—) nor- 
epinephrine ([7HJNE) within the extracellular space of canine sa- 
phenous vein; 37°C. Ordinate: Uptake of PH]NE into the extra- 
cellular space expressed as ml of incubation medium taken up per 
100 mg tissue wet weight. Abscissa: Duration of incubation in min. 
Tissues were incubated for 1—10 min in 4 ml of Krebs—Ringer so- 
lution containing 0.09 wCiml~? of PH]NE and 0.05 uwCirml? of 
[*C]sorbitol. Radioactivity in tissues and in 0.2 ml aliquots of in- 
cubation fluid was determined. Shown are means + SEM; n = 16. 


tween 5 and 10 min of incubation neuronal uptake 
was not linear and did not fully saturate at 1 uM 
SHINE concentration. 

When the incubation fluid contained 12 uM [PPHINE, 
extraneuronal uptake always predominated (Fig. 1B). 
Neuronal uptake was linear for only 2 min and be- 
came saturated by 5 min. Therefore, during time-course 
studies employing 12 uM [7H]NE, incubation periods 
were reduced to 0.75, 1.0, 1.5, and 2.0 minutes (Fig. 
1B). 

Uptake into extracellular space proceeded rapidly 
and was saturated by 5 min (Fig. 2). This uptake was 
independent of amine concentration. When deter- 
mined after 10 min of incubation, the extracellular 
space (i.e., the [’*C]sorbitol space) was 0.031 + 0.001 
ml-100 mg~! (mean + SEM; n = 16). 


The Effect of Halothane on Neuronal and 
Extraneuronal Uptakes 


The effects of 2.5% halothane on the neuronal and 
extraneuronal uptakes of [7H]NE were examined in 
tissues equilibrated with 2.5% halothane or free of 
halothane. The tissues were incubated for 1 min in 
concentrations of [H]NE ranging from 1 uM to 12 
uM. The resulting total (Fig. 3A), extraneuronal (Fig. 
3B), and neuronal (Fig. 3C) uptakes are illustrated 
in Figure 3. Under the conditions described, neu- 
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Figure 3. The rate of uptakes of °H-(-) norepinephrine (HINE) 
in canine saphenous vein in the presence (@—@) and absence 
(O—O) of 2.5% halothane; Krebs-Ringer solution, 37°C. Veins 
were incubated for 1 min in 0.09:Ci-m!~! of PHJNE (1-12 uM) 
and .0.05 wCieml-? of [*C]sorbitol. Ordinates: Rate of uptake of 
PHINE in nMdimin~ +100 mg~*. Abscissae: Concentration of PHJNE 
(uM) in the incubation fluid. Two sets of paired tissues were in- 
cubated. One set was aerated with 95% O5% COx the other set 
was treated identically, except 2.5% halothane was added to the 
O,-CO, aerating gas. Each tissue pair contained one tisstie incu- 
bated in the presence of cocaine (100 aM) and another incubated 
in the absence of cocaine. H]NE uptake in tissues not treated with 
cocaine was considered to be total uptake because both the neu- 
ronal and extraneuronal uptake processes were operative. PH]NE 
uptake in tissues with neuronal uptake blocked by cocaine was 
considered to be extraneurona! uptake. Neuronal uptake was cal- 
culated from the difference between total and extraneuronal up- 
takes. Correction was made for the extracellular distribution of 
(H]NE (nonneuronal-norextrdneuronal uptake). Values are means 
+ SEM, n = 6. 


ronal uptake was saturable and was found io obey 
the Michaelis-Menten equation when subjected 
to kinetic analysis. Lineweaver—Burk analysis of 
neuronal -uptake yielded Km values of 2.49 + 
0.56 uM and 2.32. + 2.23 uM for control and halo- 
thane-treated tissues, hed stale (mean + SEM; 
n = 6 each). Corresponding Vmax values were 
0.049. + 0.008 nMolmin 1100 mg~* and 0.060 + 0.023 
nMokmin~1.100 mg~!. Experimental values were not 
significantly different from controls. The slopes of the 
double-reciprocal plots were determined By the least- 
squares method. 

Extranéuronal uptake was linear within the range 
of concentrations studied, and was not significantly 
affected by halothane (Fig. 3B). 


Discussion 

The data provide insight into the importance of neu- 
ronal and extraneuronal uptakes of NE in the clear- 
ance of NE from synaptic clefts in canine saphenous 
veins. In contrast fo earlier observations (5), both ex- 
traneuronal and neuronal uptakes are operative at the 
low concentrations of NE contained ih the incubation 
media. Neuronal uptake did, however, predominate 
at the lower NE concentration. Moreover, the data 
relating to neuronal uptake are consistent with a sys- 
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tem that is easily sina: scien earlier studies 
support this finding (18,19). The data also suggest that 
under the conditions of these experiments; neuronal 
uptake becomes saturated at a NE concentration be- 
tween 4 and 6 uM. Extraneuronal uptake appears to 
have a greater capacity to remove NE from the syn- 
aptic cleft than does neuronal uptake, and at higher. 
concentrations of NE in the synaptic cleft, extraneu- 
ronal uptake becomes the dominant process for re- 
moving NE. Extraneuronal uptake never became sat- 
urated at the concentrations of NE used in this study. 
The greater capacity of extraneuronal uptake may re- 
late to the apparent greater surface area of all non- 
neuronal tissues (e.g:, smooth muscle arid endothe- 
lium) compared with the surface area of the nerve 
terminals to which the NE in the incubation fluid can 
come in contact. 

The concentrations of NE aged in these studies are 
within the range of concentrations (1 nM-50 uM) es- 
timated to be within synaptic clefts of blood vessels 
(20-22). The wide range of the estimates of NE con- 
centrations in the cleft relate in part to the differences 
in cleft width in large and small blood vessels; the 
cleft appears to be wider in large vessels (23,24). No 
estimate of the NE concentration in synaptic clefts has 
been made in canine saphenous veins. When thé vein 
is placed for a given time interval in incubation media 
containing NE, diffusion of NE into the synaptic cleft 
occurs and its removal is dependent upon the uptakes 
and subsequent metabolism. The present data indi- 
cate that the sites at which both neuronal uptake and 
extraneuronal uptake occur are readily accessible to 
the PH]NE that was present in the incubation fluid 
and that initial uptake was not slowed by a need to 
allow diffusion of the [H]NE to locations deep in the 
surface of the vessel. These data, therefore, suggest 
that our preparation has allowed us to effectively iso- 
late the membrane-trahsport process so as to allow 
an accurate determination of the kinetic parameters 
associated with neuronal uptake. These parameters 
should apply to neuronal and extraneuronal uptakes 
after release of endogenous NE by nerve stimulation 
provided the processes for removal of NE do not dis- 
tinguish between exogenous and endogenous sources 
of NE. The net gradient in NE concentrations across 
the tissue should d be almost equal, but opposite in 
direction, for stimulation-induced NE release and NE 
in incubation fluid. 

To our knowledge there have been no studies that 
have, assessed halothane-induced changes in neu- 
ronal uptake in the saphenous vein by comparing Km 
and Vax Values obtained in control and in halothane- 
treated tissues. Based upon the lack of change in Km, 
halothane did not significantly alter the ability of neu- 
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ronal membrane sites to take up NE. Similarly, halo- 
thane apparently did not affect the number of active 
neuronal uptake sites because no significant change 
in Vmax Was Observed with halothane. Inasmuch as 
2.5% halothane is at the upper end of its clinical dose 
range, an effect with a higher halothane concentration 
would have little clinical meaning. It also seems un- 
likely, therefore, that the halothane-induced inhibi- 
tion of 3,4-dihydroxyphenylglycol (DOPEG) forma- 
tion described previously (25) can be attributed to 
decreased neuronal uptake. Because transmembrane 
access of NE to the intraneuronal enzyme monoamine 
oxidase (MAO) is apparently unaffected by halo- 
thane, then decreased DOPEG formation may be 
caused by inhibition of the enzyme itself. This pos- 
sibility will be the subject of further investigation. 

A possible source of error in this study deserves 
comment. It could be argued that some [HJNE taken 
up by the cocaine-sensitive uptake system was deam- 
inated to DOPEG that effluxed out of the neuron (4), 
thereby decreasing our estimate of total uptake. A 
significant alteration due to this effect seems unlikely 
because the incubation time employed (1 min) is sub- 
stantially less than the reported half-time (22 min) for 
DOPEG efflux (26). 
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The effect of vasoconstrictors on the duration of lidocaine 
spinal anesthesia is controversial. We conducted a double- 
blind study of 28 neurologically normal ASA Class I or I 
patients to determine the effect of vasoconstrictors (epi- 
nephrine and phenylephrine) on the duration of lidocaine 
spinal anesthesia. The patients were randomized into three 
groups. All patients received 1.2 mg lidocaine per inch body 
height, mixed with 0.5 ml of test solution. Group 1 patients 
received lidocaine plus 0.5 ml normal saline; Group 2 pa- 
tients recetved lidocaine plus 0.3 mg epinephrine; Group 3 
patients received lidocaine plus 5 mg phenylephrine. Seg- 
mental sensory blockade was assessed by pinprick at 2-min 
intervals for the first 20 min and then every 5 min thereafter. 


Vasoconstrictors, usually epinephrine or phenyl- 
ephrine, are frequently added to local anesthetics to 
prolong the duration of spinal anesthesia. Although 
these agents have been used for this purpose for 
many years (1-4), their efficacy is still controversial. 
The duration of tetracaine spinal anesthesia has been 
shown tobe prolonged by either epinephrine or phenyl- 
ephrine (3-5), but the effects of vasoconstrictors on 
duration of lidocaine spinal anesthesia is controversial 
both in animals and in humans (6-11). We present a 
randomized double-blind study comparing the effect 
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Mean highest level was between T-2 and T-3 for all 3 groups. 
Time from injection to highest sensory level was similar in 
Groups 1 and 3, 11.6 + 3.57 and 12.0 + 5.10 min, 
respectively, but was significantiy prolonged in Group 2, 
18.1 + 4.33 min. Time for regression by two sensory der- 
matomes were significantly prolonged in both Groups 2 and 
3, 102.9 + 18.1 and 105.7 + 33.1 min, respectively, 
compared to 78.1 + 12.6 min tn Group 1. Times for regres- 
sion to T-12 was also significantly prolonged in both Groups 
2and 3,153.7 + 27.6 and 156.8 + 26.7 min, respectively, 
compared to 117.71 + 10.0 min in Group 1. In the doses 
used in the present study, both epinephrine and phenyl- 
ephrine significantly prolong the duration of lidocaine spinal 
anesthesia. 


Key Words: ANESTHETIC TECHNIQUES—-spinal. 


of epinephrine and phenylephrine on the duration of 
lidocaine spinal anesthesia in humans. 


Methods 


We studied 28 neurologically normal ASA Class I or 
II patients between the ages of 18 and 60, undergoing 
lower abdominal surgery in the supine position. In- 
formed consent from all patients and institutional ap- 
proval for the study was obtained. All patients re- 
ceived diazepam, 10-15 mg orally, as premedication 
60 min before the surgical procedure. Five hundred 
to 1000 ml of balanced salt solution was infused, and 
glycopyrrolate, 200 ug, was administered intrave- 
nously prior to the induction of spinal anesthesia. All 
patients were monitored with an ECG and blood pres- 
sure cuff. 

After initial vital signs were recorded, the patients 
were placed in the lateral decubitus position with the 
operative side in the dependent position. Utilizing 
sterile technique, a lumbar puncture was performed 
at the L2-3 interspace, using a midline approach, with 
a 25-g spinal needle passed through an 18-g intro- 
ducer. The appearance of free-flowing, clear cerebral 
spinal fluid in the hub of the spinal needle indicated 
proper needle placement. After injection of the an- 
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Table 1. Patient Characteristics 
Group 1 Group 2 Group 3 
Patient variables (lidocaine + normal saline) (lidocaine + 0.3 mg epinephrine) (lidocaine + 5 mg phenylephrine) 
Sex (number) l | 
Female 0 0 0 
Male 9 10 9 
Age (yr) 
Mean 32.3 28.6 22." 
Range 19-60 18-41 19-32 
Weight (kg) 
Mean 74.8 73.5 79.0 
Range 61-86 60-107 59-95 
Height (in) i 
Mean ` 68.8 68.4 70.6 
Range 65-75 on 66-75 





‘Significantly different (P < 0.05) from group 1 and group 2 by analysis of variance for comparison among multiple groups and by Student's t-test for 


unpaired data. 


esthetic solution, the introducer and spinal needle 
were removed, and the patient was immediately placed 
in a supine horizontal position. All patients received 
1.2 mg lidocaine (5% xylocaine in 7.5% glucose) per 
inch of body height mixed with 0.5 ml of the test 
solution. To insure freshness of the test solutions and 
facilitate double blindness, the test solutions were 
prepared and coded by the clinical pharmacy on the 
morning of the procedure. The patients were ran- 
domized into’ three groups by a computer program 
which generated random numbers. Group 1 patients 
received lidocaine plus 0.5 ml normal saline. Group 
2 patients received lidocaine plus 0.3 mg epinephrine. 
Group 3 patients received lidocaine plus 5 mg phen- 
ylephrine. Segmental sensory blockade was assessed 
by response to pinprick at 2-min intervals for the first 
20 min and thereafter at 5-min intervals until regres- 
sion to at least T-12 level. Motor blockade was not 
assessed due to the difficulty of accurate measure- 
ments in the thoracoabdominal area. Blood pressure 
and heart rate were recorded at 2-min intervals for 
the first 30 min, at 5-min intervals for the remainder 
of the procedure, and every 15 min postoperatively. 
Systemic vasopressors were administered if.the sys- 
tolic blood pressure decreased .20-30% below pre- 
anesthetic values or if systolic blood decreased below 
90 torr. The highest sensory level was recorded, and 
the following values were. calculated: 1) time from 


injection to highest level; 2) time for two-segment 
regression of the level of anesthesia; and 3) time for 
regression to T-12 level. Mean values and standard 
deviations were calculated for each group and com- 
pared using analysis of variance for comparison be- 
tween multiple groups and the Student's t-test for 
unpaired data. A value of P < 0. 05 x was’ considered 
statistically significant. 


Results 


No significant difference existed with a to height, 

weight, or sex distribution in the three groups (Table 
1). However, the mean age of patients in Group 3 
(22.2 yr) was significantly less than in Groups 1 and 
2 (31.1 and 28.6 yr, respectively). There were no sig- 
nificant cardiovascular changes in any patients. Among 
the three groups, no significant differences existed in 
the highest sensory level of anesthesia achieved, the 
mean highest level being between T-2 and T-3 in all 
groups. The time between injection and achievement 
of the highest sensory level (termed onset or latency 
by previous investigators) was similar in Groups 1 
and 3, 11.6 + 3:57 and 12.0 + 5.10 min, respectively, 
but it was significantly prolonged i in Group 2, 18.1 + 
4,33 min (Table 2, Fig. 1). The time for regression of 
the level of anesthesia by two sensory ‘dermatomes 
was significantly greater in Groups 2 and 3 ee = 


Table 2. Sensory Levels after Intrathecal Administration of Lidocaine with or without Vasoconstrictors 


Time from injection 


Anesthesia used to highest level (min) 
Lidocaine + normal saline 11.6 + 3.57 
Lidocaine + 0.3 mg epinephrine 18.1 + 4.33" 
Lidocaine + 5 mg phenylephrine 12.0 + 5.10 


“Significan 
unpaired data. 


Time for two-segment Time for regression 
regression (min) - to T-12 (min) 
78.1 + 12.6 117.7 + 10.0 
102.9 + 18.1 153.7 + 27.6" 
105.7 + 33.1" 165.8 + 26.7 


dy different (P < 0.05) from lidocaine with saime by analysis of variance for comparison among multiple groups and by Student's t-test for 


VASOCONSTRICTORS AND LIDOCAINE SPINAL ANESTHESIA 
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18.1 and 105.7 + 33.1 min, respectively) than in Group 
1 (78.1 + 12.6 min) (Table 2, Fig. 1). The time for 
regression of the level of anesthesia to T-12 was also 
significantly greater in Groups 2 and 3 (153.7 + 27.6 
and 156.8 + 26.7 min, respectively) than in Group 1 
(117.71 + 10.0 min) (Table 2, Fig. 1). There was no 
significant difference between Groups 2 and 3 with 
regard to two-segment regression or regression to the 
T-12 level (Table 2, Fig. 1). 

Three patients in Group 1 required intraoperative 
sedation because of pain at the operative site near the 
end of the surgical procedure. These patients were 
retained in the study as long as they continued to 
respond appropriately to questioning and were able 
to easily discriminate sharp vs dull pinprick. Addi- 
tionally, one of these patients required local infiltra- 
tion at the operative site and eventual general anes- 
thesia, after which point no further data were collected. 
In contrast, no patients in Group 2 or 3 required in- 
traoperative supplementation of analgesia. Although 
this is an interesting qualitative difference, no con- 
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clusions should be drawn from this finding because 
length of operation could not be controlled for each 
of the groups. 


Discussion 

Epinephrine and phenylephrine, when added to te- 
tracaine for spinal anesthesia, have been shown to 
prolong the duration of sensory and motor blockade 
(3-5). There is no general agreement, however, on 
the effect of added vasoconstrictors to lidocaine spinal 
anesthesia (6-11). Our study showed that effective 
doses of epinephrine and phenylephrine prolong clin- 
ically useful sensory analgesia with lidocaine spinal 
anesthesia as measured by time of two-segment 
regression and time of regression to a T-12 level. There 
were no significant differences in duration between 
the epinephrine and phenylephrine groups, and both 
appear to provide a useful spinal anesthetic of “‘in- 
termediate” duration. Because the time from injection 
to highest dermatome level was significantly more 
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rapid with phenylephrine than with epinephrine, 
phenylephrine may prove to be the agent of choice 
for prolongation of lidocaine spinal anesthesia. 

The dose of lidocaine used in the study was chosen 
empirically; a lidocaine dosage of 1.2 mg per inch of 
body height seems to reliably produce dense sensory 
blockade to approximately the T-4 dermatome. The 
doses of epinephrine (0.3 mg) and phenylephrine (5 
mg) were chosen because they represent the range of 
doses used in previous studies (5,6, 10). The results 
of the present study are in agreement with that of 
Vaida et al (10), in which phenylephrine (2 mg and 5 
mg) was shown to significantly prolong lidocaine spinal! 
anesthesia. Denson et al. (7,8), using a rhesus monkey 
model, reported no prolongation of sensory analgesia 
with either epinephrine (0.2 mg) or phenylephrine 
(1.5 mg) when added to lidocaine for spinal anes- 
thesia. Chambers et al. (6) studied the effects of add- 
ing 0.1, 0.2, or 0.3 ml of 1:1000 epinephrine to 1.5 ml 
of 5% lidocaine in 7.5% dextrose for spinal anesthesia 
and found no prolongation of two- and four-segment 
regression time. However, they did note an increase 
in time to total recovery in the epinephrine groups. 
Spivey (11) recently reported the effect of adding 0.2 
mg epinephrine to 5% lidocaine in 7.5% dextrose for 
spinal anesthesia in term parturients undergoing ce- 
sarean section. He reported no increase in duration 
of analgesia as measured by the time for two-segment 
regression. 

The present study differs from that reported by 
Chambers et al. (6) in several ways. First, the average 
age of patients in our study was 28 yr and in Cham- 
bers’s study, 64 yr. In a recent review article, Greene 
(12) states that age is a chief influence on the rate of 
absorption of local anesthetics used in spinal anes- 
thesia. As a result, duration of spinal anesthesia is 
prolonged in the older patient. Therefore one could 
postulate that any additional effect of epinephrine on 
the duration of lidocaine spinal anesthesia might be 
minimized in the older age group. Furthermore, the 
concentration of lidocaine in Chambers’s control group 
was greater than in the study groups where the lid- 
ocaine was diluted by the addition of epinephrine. 
For example, the lidocaine concentration in the con- 
trol group was 5%, whereas in the 0.3 mg epinephrine 
group it was 4.15%. In the present study, the con- 
centration of lidocaine in all groups was constant. 

Another important difference is that all patients in 
Chambers’s study received the same dose of lido- 
caine, regardless of their height. Administering a sin- 
gle, standard dose of local anesthetic to all patients 
can result in marked differences in the milligram 
dose:spinal segment ratio for each of the subjects. 
Despite reporting no difference in mean height ameng 
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the groups, it is likely that there was individual vari- 
ation in height within each group. This variance in 
lidocaine dose:spinal segment ratio would tend to 
mask the effect of epinephrine on the duration of 
spinal anesthesia as potentially significant differences 
would be obscured due to regression toward the mean. 

Other possibly significant ways in which these 
studies differ include the following: 1) patient posi- 
tion, lithotomy in Chambers’s study and supine in 
our study; 2) mean highest level of analgesia was 
higher in our study, T-2 compared to T-7; and 3) the 
baricity of the local anesthetic solution differed among 
Chambers’s groups because each group was given 
different volumes of epinephrine, whereas, in our 
study, equal volumes of either normal saline, epi- 
nephrine, or phenylephrine were added to the local 
anesthetic solution. 

Our study also differed significantly from Spivey’s 
study in several ways. Most obvious and probably 
most significant, is that all patients in Spivey’s study 
were term parturients. The many physiologic changes 
of pregnancy include significant changes in subarach- 
noid and epidural volumes and blood flows. Second, 
the local anesthetic dose (40 mg lidocaine) used by 
Spivey was much less than that used in our study 
(mean for all patients, 86 mg lidocaine). As Spivey 
points out in his article, the use of such a low dose 
of local anesthetic could result in a “high, thin block.” 
In this situation, the duration of the highest sensory 
level achieved could be shorter than a comparable, 
more dense sensory level achieved witha larger dose. 
Here again it is difficult to compare the effect of epi- 
nephrine on the duration of analgesia because the 
blocks may differ in character. Again, as in Cham- 
bers’s study, Spivey used the same lidocaine dose 
regardless of the patient’s height. In any case, it is 
unreasonable to extrapolate Spivey’s results to non- 
pregnant patients. 

The mechanism for prolongation of spinal anes- 
thesia by the addition of vasoconstrictors is unclear. 
Decreased vascular uptake does not appear to be the 
mechanism (13). Converse et al. (14) showed that epi- 
nephrine, in spite of prolonging the duration of te- 
tracaine spinal anesthesia, had no effect on the rate 
of disappearance of tetracaine from the cerebral spinal 
fluid. Denson et al. (7,8) demonstrated no difference 
in the rate of absorption of lidocaine solutions from 
the cerebral spinal fluid, with or without epinephrine 
or phenylephrine. Recent research suggests that ad- 
renergic modulation of spinal cord activity may be an 
important factor in the transmission of pain infor- 
mation in the spinal cord. Collins et al. (15), using 
the decerebrate, spinal cord-transected cat model, 
found epinephrine suppressed noxiously evoked ac- 
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tivity in wide dynamic range neurons in the dorsal 
horn of the spinal cord. (Wide dynamic range neurons 
are those that respond with increased firing frequency 
to skin stimulation over a wide range of intensity; 
maximum response occurs with noxious stimuli such 
as heat.) Vasoconstrictors may act directly on the spinal 
cord to enhance or prolong spinal anesthesia. The role 
of epinephrine and phenylephrine as modulators of 
neurotransmission is one hypothesis for the prolon- 
gation of spinal anesthesia by vasoconstrictors. 

In summary, when added to lidocaine spinal anes- 
thesia, both epinephrine (0.3 mg) and phenylephrine 
(5 mg) significantly prolonged analgesia as measured 
by two-segment regression, as well as time of regres- 
sion to the T-12 dermatome. Both appear to provide 
a clinically useful spinal anesthetic of “intermediate” 
duration. 


The authors wish to thank the subjects who participated in this 
study and gratefully acknowledge Dr. B. Wycke Baker and Ms. 
Anita Edgecombe of the Department of Anesthesia, University of 
California San Francisco, for their assistance in the preparation of 
the manuscript. 
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The effects of alfentanil (7.5 or 15 g/kg) and fentanyl (1.5 
uglkg) on common bile duct pressure were examined by 
using an indwelling postoperative T-tube in 36 conscious, 
unpremedicated patients. All opiate doses significantly 


Fentanyl has been shown in numerous studies to in- 
crease the common bile duct pressure (1-7). The bil- 
iary tract effects of alfentanil, a fentanyl derivative 
with a shorter duration of action than that of its con- 
gener (8,9), have not been reported. Therefore we 
compared the effects of these two analgesics on the 
intrabiliary pressure in conscious patients with an in- 
dwelling T-tube. Furthermore, because a dose-related 
increase in the intracholedochal pressure has been 
demonstrated with morphine and fentanyl (4,10,11), 
we studied the effects of two small doses of alfentanil 
on the biliary pressure. 


Materials and Methods 


Patients and Equipment 


Pe 


Thirty-six patients, each of whom had undergone ex- 
ploration of the common bile duct and had had a T- 
tube installed postoperatively in the common duct, 
were studied 7—13 days after the operation by use of 
the indwelling tube. Informed consent was obtained, 
and the study was approved by the institutional ethics 
committee. 

All patients had normal postoperative cholangio- 
grams and asymptomatic tolerance to the T-tube 
clamping for at least 12 hr. No spasmolytic or anal- 
gesic agents or drugs known to affect the sphincter 
of Oddi were given during a 12-hr period before the 
measurements. 
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(P < 0.001) increased the pressure. There was no significant 
difference among the groups in the peak pressures nor in 
the times to peak pressures. Fentanyl had a significantly 
longer duration of effect on pressure. 


Key Words: ANALGESICS—alfentanil, fentanyl. 
LIVER—biliary tract pressure. 


The measurements were performed by a modifi- 
cation of the technique described by Tuominen (12). 
The intracholedochal pressure was measured during 
a continuous infusion of balanced salt solution ad- 
ministered with an infusion pump (Perfusor, B. Braun- 
Melsungen) into the T-tube using a 3-way stopcock 
and an appropriate extension tube. The rate of infu- 
sion did not increase the pressure in the system (55 
ml/hr or less). The same stopcock was used to connect 
the T-tube both to an amplifier (Olli 224, Ollituote Oy, 
Finland) and a pressure transducer (AE 840, Aksje- 
selskapet Mikroelektronik, Norway). The transducer 
was zeroed to the midthoracic level. The pressure was 
recorded continuously for 45 min after administration 
of the test drugs with an ink-jet recorder (Mingograf 
804, Siemens-Elema, Sweden). The pressure curve was 
read at the end-expiratory phase of ventilation. 

After baseline recording of the bile duct pressure, 
0.03 ml/kg of the test drug was administered intra- 
venously over a period of 2 min in a double-blind, 
random fashion from coded ampules. The patients 
received either alfentanil (Orion Pharmaceutical, Fin- 
land), 7.5 or 15 wg/kg, or fentanyl (Fentanyl®, Orion 
Pharmaceutical, Finland), 1.5 wg/kg. Before admin- 
tration of the test drugs, the patients were asked to 
tell the investigators about any side effects they ex- 
perienced during or after injection of the opiates. 


Statistics 


The demographic data and the control pressure val- 
ues were compared among the groups with a one- 
way analysis of variance. The Friedman two-way 
analysis of variance and the Kruskal-Wallis one-way 
analysis of variance were used for statistical evalua- 
tion of the intra- and intergroup changes, respec- 


OPIATES AND BILIARY PRESSURES 


Table 1. Demographic Data’ 


esas AE A eee ae ne eee eee ete ot 
Drug dose (ug/kg) 
Alfentanil, 15 


Alfentanil, 7.5 Fentanyl, 1.5 


n (female/male) 11/3 8/3 9/2 
Age (yr) 61 (26-82) 55 (24-81) 65 (43-81) 
Weight (kg) 71 (60-86) 74 (50-100) 71 (43-98) 


Height (cm) 165 (155-180) 165 (150-185) 164 (154-181) 


‘Number of patients or mean values with ranges. 


tively. P values less than 0.05 were considered statis- 
tically significant. 


Results 


The groups were comparable in terms of demographic 
data (Table 1). There were no statistically significant 
differences in the baseline values of the intrachole- 
dochal pressures among the groups (Table 2). Changes 
from control common bile duct pressures are shown 
in Figure 1. All doses of opiates caused significant 
increases in the pressure (P < 0.001). There were no 
significant differences among the groups in the peak 
increase of the pressure or in the time to peak pressure 
(Table 2). Fentanyl had a longer duration of action as 
demonstrated by the significant difference in the 
changes from baseline among the groups from 9 to 
15 and at 19 and 20 min after start of drug ad- 
ministration. 

All patients felt euphoric and somewhat sedated 
during the action of the drug. One patient given 15 
ug/kg alfentanil, an 81-yr-old woman, had to be aroused 
for a few minutes after drug administration because 
her spontaneous respiratory rate decreased to 5 
breaths/min. Other side effects are presented in Ta- 
ble 3. 


Discussion 


In this study we have shown that the peak increases 
in common bile duct pressure in patients given either 
alfentanil or fentanyl are similar, but that the biliary 
tract effect of alfentanil wears off faster than that of 
fentanyl. 

The previous results of the peak effects with 
equianalgesic doses of different opiate agonists are 
conflicting. Tuominen (12) found a statistically sig- 
nificant difference between anileridine and meperi- 
dine in conscious patients with a postoperative 
T-tube, but the effects of fentanyl, morphine, or me- 
peridine did not differ significantly from each other 
in anesthetized humans (3,6) or guinea pigs (4). In 
this study, the maximal increase in the pressure, mea- 
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Table 2. Common Bile Duct Pressures* 


irre aeee 


Peak pressure Time to peak 


Drug dose Baseline increases pressures 
(ug/kg) (mm Hg) (mm Hg) (min) 
Alfentanil, 7.5 8+ 1 9+1 6+ 1 
Alfentanil, 15 8] 8+1 Sl 
Fentanyl, 1.5 Ll JE 8+ 1 


r nnn ene aaee 


Mean values = SEM. 


Table 3. Frequency of Side Effects" 
Drug dose (ugikg) 


Alfentanil, Alfentanili, Fentanyl, 

Side effect T9 15 To 

Abdominal discomfort 2 =x zn 
or colic-like pain 

Nausea a ] me 
Vomiting —~ e 1 
Sweating — 2 1 
Shivering — one 1 
Dry mouth — 1 — 





‘Number of patients. 


sured after two fairly similar opiate derivatives, al- 
fentanil and fentanyl, did not differ significantly among 
the groups. 

Our results with fentanyl are consistent with those 
of earlier studies, in which common bile duct pressure 
changes were measured postoperatively through an 
indwelling T-tube. A mean peak increase of 160-190% 
of the control value within about 5-7 min has been 
observed (2,7), compared to the increase of 164% mea- 
sured 6 min after the completion of drug injection in 
this study. 

The shorter duration of action of an alfentanil bolus 
than that of fentanyl (8,9) could be confirmed in this 
study by the statistically significant difference in the 
pressure increase among the groups from 9 to 15-20 
min after drug administration. The peak opioid effect 
is reached more rapidly with alfentanil than with fen- 
tanyl (8,9). We did not, however, find any statistically 
significant difference in the time-to-peak effect on 
common bile duct pressure among the groups, al- 
though the effect seemed to appear earlier in both 
alfentanil groups than in the fentanyl group. In ad- 
dition, earlier studies have shown that in spite of 
different durations of action, opiates may have a rather 
similar time-to-peak effect on biliary pressures (7,13). 

We have recently suggested that the analgesic po- 
tency of the fentanyl dose used in this study is be- 
tween the two alfentanil doses used (14). Therefore 
the bile duct pressure responses to the narcotic an- 
algesics used seemed to be independent of 
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3 
I 
E 
Es 
g 
27 
Figure 1. Changes in common bile duct i j 
pressure after administration of alfentanil, £ 
7.5 (O) and 15 (A) „g/kg, and fentanyl, 3 5 
1.5 (@) ug/kg (mean values + sM). Sta- 
tistically significant differences in changes 3 4 
from baselines among the groups are in- 
dicated as follows: *, P < 0.05; *, P < 
0.01; **, P < 0.001. 3 
8 
2 
1 
0 
0 2 4 6 


algesic potency of the drug bolus. Although a dose- 
related decrease in the bile duct flow and an increase 
in the intrabiliary pressure have been observed in 
anesthetized animals with a wide range of morphine 
and fentanyl doses (4,10,11), we could not demon- 
strate any difference in the time courses of the pres- 
sure changes in the alfentanil groups in spite of dou- 
bling the drug dose. This suggests that, at least in the 
dose range tested, alfentanil has no dose-response 
effect on the sphincter of Oddi and that the response 
in the bile duct pressure appears to be an “all or 
nothing” type of reaction. Because the response of 
common bile duct pressure to the narcotics we tested 
was pronounced in some patients and mild in others, 
considerable interindividual variations and unpre- 
dictable responses were noted, as was earlier reported 
to be the case with anileridine and meperidine (12). 

In conclusion, alfentanil and fentanyl induced sim- 
ilar peak increases in the common bile duct pressure 
in postoperative patients within similar times. How- 
ever, the effect of fentanyl lasted longer than that of 
alfentanil. Alfentanil had no dose-related effect in the 
small dose range studied. 


The test drugs were kindly provided by Orion Pharmaceutical Co., 
Finland. 
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The effect of pretreatment with 60 mg/kg magnesium sulfate 
on the neuromuscular blockade and consequent potassium 
release produced by 1.5 mg/kg succinylcholine in ten normal 
patients was compared with ten saline pretreated control 
patients. Magnesium had no significant effect on the char- 


Magnesium sulfate has been used for many years 
in the management of convulsions in pregnancy- 
induced hypertension (1). Magnesium is widely known 
to potentiate the action of the nondepolarizing relax- 
ants (2,3), but its interactions with succinylcholine 
have received scant attention. Several authors have 
reported prolonged duration of blockade and reduced 
requirements for succinylcholine when magnesium is 
used as a continuous infusion in pregnant patients 
(2-6). Fasciculations have also been reported not to 
occur in such patients (7). However, there are no re- 
ports of the effect of magnesium on the speed of onset 
of succinylcholine, or of the quality of the block 
achieved in magnesium-treated patients. 

_At the motor endplate, magnesium inhibits the re- 
lease of acetylcholine, and at plasma levels above 5 
mmol/L magnesium may produce neuromuscular 
blockade. Magnesium also decreases the sensitivity 
of the motor endplate to applied acetylcholine and 
decreases the force of contraction of muscle in re- 
sponse to direct electrical stimulation (8,9). Prevent- 
ing the release of neurotransmitter should not inter- 
fere with the action of succinylcholine. However, the 
reduction in receptor sensitivity might interfere with 
the speed of onset and quality of relaxation produced 
by succinylcholine in much the same way as dose 
pretreatment with a nondepolarizing relaxant, but the 
direct effect on the muscle fiber might enhance the 
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acteristics of the paralysis. In control patients, serum po- 
tassium increased by an average of 0.57 + 0.20 (SEM) 
mmol/L. No patient in the magnesium group had an increase 
in serum potassium (mean change —0.05 + 0.02 mmol/L). 
The difference between the groups was statistically signif- 
icant (P < 0.01). E 


Key Words: IONS—magnesium, potassium. NEU- 
ROMUSCULAR RELAXANTS—succinylcholine. 


block. Delayed onset, reduced effectiveness of neu- 
romuscular blockade, or both would increase the risk 
of regurgitation in the pregnant patient. On the other 
hand, a reduction in the severity of fasciculations might 
reduce the increase in intragastric pressure and add 
to patient safety. | 

The present study was designed to evaluate the 
effect of a single bolus dose of magnesium sulfate on 
the speed of onset of the relaxation produced by suc- 
cinylcholine, the intensity of blockade, and the du- 
ration of paralysis. In view of the suggestion by Al- 
drete et al. (10) that magnesium prevents the increase 
in potassium produced by succinylcholine, we also 
evaluated the effect of magnesium on the hyperka- 
lemic response to succinylcholine. 


Methods 


This study was approved by the hospital committee 
on ethics. Twenty ASA I patients scheduled for rou- 
tine elective surgery were randomly allocated to a 
treatment or a control group. All subjects gave ‘in- 
formed consent to the study. 

Neuromuscular transmission was assessed by both 
Electromyogram (EMG) recording and by measure- 
ment of the twitch strength of the adductor pollicis 
muscle in response to supramaximal stimulation of 
the ulnar nerve at the elbow. Electromyogram re- 
cordings were made using a Medelec MS6 System 
(Medelec, Woking, England), which enabled contin- 
uous display of the amplitude of the electrical signal 
recorded from the muscle. No standard equipment 
was available for the measurement of twitch height, 
and so a specially constructed device was used. A 
syringe with a ring fitting on the plunger was mounted 
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onto a metal frame into which the subject's right hand 
could be firmly fixed. The syringe was filled with 
saline, and connected to a Hewlett Packard pressure 
transducer (HP 1280C), pressure module (HP 8805D) 
and recorder (HP 7754A) (Hewlett Packard, Waltham, 
Massachusetts). Changes in muscle tension were then 
recorded as pressure changes on the recorder. Sat- 
isfactory recordings of twitch height with minimal 
baseline drift were obtained by these means. 

All patients were given 0.15 mg/kg of diazepam 
orally for premedication 1 hr before entry to the in- 
duction room. On arrival in the induction room, a 
cannula was inserted into a vein on each arm, one for 
the administration of drugs, and the other for taking 
blood samples. Stimulating electrodes were attached 
to the skin over the ulnar nerve at the elbow, and 
recording electrodes placed over the adductor pollicis 
muscle in the manner described by Ali and Savarese 
(11). An earthing strip was placed around the forearm 
to prevent the stimulating current from being con- 
ducted over the skin and detected by the recording 
electrodes. The patient's hand was placed in the frame, 
and the ring of the syringe placed over the base of 
the thumb. The volume of saline in the syringe was 
adjusted so that the thumb was held at about 60 de- 
grees to the index finger, and the angle of the syringe 
adjusted so that the plunger was in a direct line with 
the movement of the thumb. 

Sodium thiopental was administered until the eye- 
lash reflex was lost. Nitrous oxide with 30% oxygen 
was administered by face mask and ventilation gently 
taken over by hand. Stimulation was commenced with 
a pulse duration of 0.2 sec and a voltage of 150 volts 
at a rate of 2 Hz, and the EMG and twitch height 
continuously recorded throughout the experiment. 
Baseline measurements of serum magnesium and po- 
tassium levels were made at this point. Patients in 
the experimental group were then given 60 mg/kg of 
magnesium sulfate as a 50% solution by slow intra- 
venous injection over 1 min. Further blood samples 
were taken. To ensure adequate levels of anesthesia 
during intubation, a further bolus of 50% of the in- 
duction dose of thiopental was given at this point. 
Succinylcholine, 1.5 mg/kg, was given, and after 60 
sec the trachea was intubated. The severity of fascicu- 
lations was recorded on a scale of 0 to 3: 0 for the 
absence of fasciculations, 1 for mild twitches involv- 
ing face and fingers only, 2 if the fasciculations in- 
volved the limbs or trunk, and 3 if the fasciculations 
produced gross body movements. Blood samples were 
taken again 2 min after succinylcholine administra- 
tion. Anesthesia was maintained with nitrous oxide 
and oxygen, supplemented by additional increments 
of thiopental as needed, until 90% recovery of twitch 
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Table 1. Baseline Values (Means + SEM) in the 
Magnesium and Control Groups 


Magnesium Control 
Age (yr) 30.3 + 3.0 2/.0° £13 
Height (cm) 163.2 + 4.8 168.1 + 5.8 
Weight (kg) 62.8 + 4.0 65.9 + 2.8 
K* (mmol/L) 3.91 = 0.10 3.89 + 0.22 
Mg* * (mmol/L) 0.91 + 0.06 0.96 + 0.05 
Twitch (mm) 20.9 + 4.6 25.9. 31 
EMG imV) 8.5 + 3.0 8.0 + 0.4 


Abbreviation: EMG, electromyogram. 


and EMG voltage had been achieved. Times to 90% 
depression of twitch height and to 90% recovery were 
noted. 

Data were analyzed using Student’s t-test for 
grouped data with the Bonferroni modification for 
multiple comparisons when appropriate. Significance 
was defined as P < 0.05. Results are presented as 
means + SEM. 


Results 


There were no significant differences in the age, height, 
or weight of the two groups. Baseline serum levels of 
potassium and magnesium, twitch height, and EMG 
voltage were similar in both groups (Table 1). 

The serum magnesium level was increased to a 
mean value of 3.6 + 0.35 mmol/L at the end of the 
infusion. This decreased to 2.9 + 0.69 mmol/L after 
intubation, approximately 4 min later. 

After magnesium pretreatment, there was a vari- 
able reduction in twitch height and EMG voltage that 
depended on the level to which the serum magnesium 
increased. In subjects in whom the serum magnesium 
increased less than 3 mmol/L, there was no reduction 
in twitch height, but some neuromuscular block was 
noted at values greater than this. Where a demon- 
strable block occurred, this was partially reversed by 
succinylcholine, before the paralysis ensued (Fig. 1). 
In only one case was the reduction of twitch height 
greater than 20% of the control. In this patient, the 
serum magnesium level was 5.2 mmol/L, possibly due 
to a relative overdose being given to a moderately 
obese patient (85 kg) using the mg/kg dosage schedule. 

After administration of succinylcholine, there was 
no difference in the speed of onset of the neuromus- 
cular blockade in the two groups. A 90% depression 
of twitch height was achieved in 25.0 + 2.1 sec in 
patients given magnesium and in 27.6 + 3.6 sec in 
control patients. Recovery time to 90% of control twitch 
height was 450.6 + 103.1 sec in the magnesium group 
and 569.6 + 125.6 sec in controls, a difference that 
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Figure 1. Magnesium infusion produced 
a moderate conduction block in some 
patients that was partially reversed by 
succinylcholine before the onset of pa- 
ralysis. In this example, there is a 30% 
reduction in twitch height after mag- 
nesium infusion, which is momentarily 
reversed by  succinylcholine; 90% 
depression of twitch height occurred in 
28 sec. Twitch height is in millimeters, 
and paper speed is 1.25 mm/sec. 


was not statistically significant. There were no sig- 
nificant differences between the changes in twitch 
height and those in the EMG recordings at any stage 
in the experiment. Good intubating conditions were 
present in all cases. 

Fasciculations were absent in four patients of the 
magnesium group and in two of the control group. 
Grade 3 fasciculations occurred in three patients in 
the control group and none of the magnesium group. 
The difference in the incidence and severity of fas- 
ciculations in the two groups did not reach statistical 
significance. 

In control patients serum potassium increased an 
average of 0.57 + 0.20 mmol/L (P < 0.05) after the 
administration of succinylcholine (Table 2), with eight 
out of ten subjects showing an increase. In patients 
given magnesium, there was no increase in serum 
potassium in any patient after succinylcholine admin- 
istration. The difference between the groups in changes 
in serum potassium after succinylcholine administra- 
tion was statistically significant (P < 0.01). 


Discussion 


No interference with the onset or intensity of the suc- 
cinylcholine blockade was encountered, and good in- 
tubating conditions were achieved in all cases. In con- 
tradistinction to other reports (2,3,6), no prolongation 
of the block occurred in patients given magnesium. 
Several explanations for this finding are possible. The 
first is that we simply did not detect the effect due to 
the very large range of recovery times found. How- 
ever, the fact that the mean recovery time in patients 
given magnesium appeared to be shorter than that in 
control patients tends to belie this possibility. An al- 
ternative explanation is that rapid clearance of mag- 
nesium after a single intravenous bolus meant that 
the level of serum magnesium was too low to affect 
the block by the time the succinylcholine was wearing 
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off. Magnesium levels were not measured at the time 
of recovery. Because the previous reports dealt mainly 
with long-term administration of magnesium in preg- 
nancy-induced hypertension, it is possible that tissue 
levels of magnesium were higher in these other stud- 
ies than in the present one, with consequent prolon- 
gation of the block. This possibility is supported by 
the failure of magnesium to abolish fasciculations in 
our study, whereas fasciculations have been reported 
to be absent in patients with pregnancy-induced hy- 
pertension treated with magnesium (7). Whatever the 
correct explanation, in this study, prior administra- 
tion of a bolus of magnesium sulfate interfered sur- 
prisingly little with the neuromuscular blockade 
produced by succinylcholine. 

This study confirms the work of Aldrete et al. (10) 
that magnesium can abolish the increase in potassium 
that accompanies the use of succinylcholine. In a re- 
cent report, Magee and Gallagher (12) showed that a 
“self-taming’” dose of succinylcholine abolished the 
increase in potassium induced by succinylcholine, and 
they suggested that no other method was as reliable 
in preventing the hyperkalemic response to succi- 
nylcholine. However, no patient in the present study 
or in the report by Aldrete et al. showed any increase 
in potassium after succinylcholine administration when 
magnesium was given. The ability of magnesium to 
inhibit potassium release after succinylcholine is not 
entirely surprising. Magnesium prevents potassium 
efflux from the myocardium in isolated rat hearts (13), 
lowers serum potassium levels in the intact dog (14), 
and prevents potassium efflux in the rat diaphragm 
(15). These effects have been ascribed to a direct effect 
of magnesium on potassium channels in the sarco- 
lemmal membrane (16). Whether or not magnesium 
offers protection in circumstances in which the in- 
crease in serum potassium induced by succinylcholine 
is known to be hazardous is debatable, but it does 
appear to offer a potential benefit in this regard that 
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Table 2. Mean + SEM Serum Potassium Values 
(mmol/L) in the Two Groups before and Two Minutes 
after Succinylcholine 


Group Before After Change 
Magnesium 3.91 + 0.10 3.86 + 0.11 —0,05 + 0.02 
Control 3.89 + 0.16 4.46 + 0.34 0.57 + 0.20 


‘P < 0.01 for the difference between the groups. 


deserves further attention. Magnesium would cer- 
tainly appear to offer protection to the toxemic par- 
turient who may be renally compromised. 

Magnesium sulfate offers a rapid and effective means 
of controlling eclamptic convulsions. When magne- 
sium is used prior to cesarean section, the anesthe- 
siologist may safely employ succinylcholine without 
fear of either increased risk of regurgitation due to 
delay in onset of relaxation, or unduly prolonged pa- 
ralysis. Fasciculations are unlikely to be severe, and 
as a fringe benefit, potassium rise is unlikely to occur. 
Investigators have suggested that the well-described 
transient hypotensive effect of intravenous magne- 
sium (17) may be of benefit in hypertensive partu- 
rients if magnesium sulfate is infused immediately 
prior to induction of anesthesia (18). In the poorly 
controlled hypertensive parturient presented for 
emergency cesarean section, there may be consider- 
able benefit to be gained from the administration of 
magnesium sulfate by the anesthesiologist at the time 
of induction; even when the blood pressure in such 
patients is well controlled, magnesium infusion may 
offer useful protection. Caveats regarding the use of 
nondepolarizing relaxants in magnesium-treated sub- 
jects must, however, still be observed. 
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Patients received a calculated dose of protamine at two dif- 
ferent rates (5 min and 30 mtn) after coronary artery surgery 
to determine the relationship of the rate of protamine admin- 
istration with the adequacy of heparin reversal and the rate 
of return of antithrombin II (AT HI) activity. Plasma hep- 
arin concentrations and AT IH activities were measured at 
specific times both during and for 3 days after cardiac sur- 
gery. Both rates of protamine administration resulted in 


clinically acceptable clotting, return of the activated coag- 
ulation time to normal, and zero heparin concentration after 
24 hr. Two hours after protamine administration, patients 
who received rapidly administered protamine had prolonged 
coagulation compared to the other group. Normal AT III 
activity returned the second postoperative day. These results 
imply that normal postoperative coagulation occurs when 
protamine is administered over 30 min without a bolus, and 
that blood is potentially hypercoagulable immediately after 
heparin reversal because of depressed AT III activity. 


Key Words: BLOOD, COAGULATION—heparin, prota- 
mine. 





Predicting the appropriate heparin-reversing dose of 
protamine remains a complicated issue. Investigators 
advocate a number of predictive protocols, but in the 
clinical setting, inadequate reversal and possibly hep- 
arin rebound persist (1-4). Protamine dosage sched- 
ules based only on total dose do not consider the 
relationship between the rate of protamine adminis- 
tration and adequacy of heparin reversal. Protamine 
has hemodynamic side effects, especially in patients 
with poor left ventricular function, that might be cir- 
cumvented by slow administration (5); however, our 
clinical impression is that slow administration of prot- 
amine does not produce adequate intraoperative 
clotting. 

Also related to the pharmacology of heparin is an- 
tithrombin III (AT ID activity. In vitro studies utilizing 
immunoelectrophoretic and chromatographic tech- 
niques reveal that protamine binds to heparin and 
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simultaneously restores AT III activity (6,7). These 
findings imply that AT II activity should balance ex- 
cessive coagulation immediately after protamine 
administration. However, these studies did not mea- 
sure AT II activity. Clinically, blood could be hyper- 
coagulable if AT II activity remained subnormal after 
protamine administration. This investigation was per- 
formed to determine 1) the relationship between the 
adequacy of heparin reversal and the rate of prot- 
amine administration and 2) the time for normal AT 
HI activity to return after cardiopulmonary bypass. 


Methods 


After Human Investigations Committee approval, 20 
patients scheduled for elective coronary artery sur- 
gery gave their written informed consent to this study. 
The patients were randomly distributed into two 
groups. Patients in group 1 received a bolus of prot- 
amine over 5 min; those in group 2 received a 30-min 
constant infusion of protamine. The calculated dose 
of protamine for each patient was based on a 90-min 
decrease of one half of heparin’s initial activity de- 
termined by the partial thromboplastin time, activated 
plasma partial thromboplastin time, whole blood ac- 
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Table 1. Patient Characteristics 
CPB time Heparin dose Protamine Preoperative 
Height (in) Weight (kg) Age (yr) Grafts (min) (units) dose (mg) ACT (sec) 
Group 1 69.0 + 2.6 80.6 + 17.8 59.3 + 7.8 3.2 + 1.13 69.3 + 21.3 33,300 + 6378 193 + 61 125 + 14 
Group2 69.8 + 3.4 78.3 + 14.6 55.3 +11.1 2.8 = 1.13 58.0 + 17.4 32,150 + 5764 197 + 47 121 + 10 
P 0.7156 0.7559 0.3643 0.7878 0.2097 0.7680 0.4598 0.2025 
Abbreviations: CPB, cardiopulmonary bypass; ACT, activated coagulation times. 
Table 2. Postoperative Coagulation Studies Drawn During Measurement Period Ten 
Prothrombin Partial thromboplastin Lee-White coagulation Platelet count 
time (sec) time (sec) time (min) ACT" (sec) (x 10°) Het 
Group 1 16.0 + 0.9 47.3 + 19.2 13.8 + 6.5 135 + 8 143.7 + 36.8 24.8 + 4.7 
Group 2 15.1 + 0.6 33.7 + 7.2 8.5 + 4.0 123 + 9 137.0 + 33.0 26.5 + 4.3 
P 0.0183 0.0058 0.0425 0.003 0.6739 0.7942 
Abbreviation: ACT, activated coagulation times. 
‘These studies were performed on sample 10 except for the ACT which was performed on sample 9. 
Table 3. Cumulative Postoperative Blood Loss Table 4. Administered Blood Products 
Blood loss, end Blood loss, end Packed Whole Fresh frozen 
of hr 1 (ml) of hr 4 (ml) cells (ml) blood (mi) plasma (ml) Platelets 
Group 1 200 + 150 471 + 240 Group1 265 + 434 100 + 316 45 + 142 0 
Group 2 144 + 52 349 + 118 Group2 300 + 283 250 + 486 25 + 79 0 
P 0.3847 0.2123 p 0.5833 0.212 0.3688 — 


tivated partial thromboplastin time, and Lee-White 
whole blood clotting time (8). Patients were excluded 
from the investigation if they were receiving antico- 
agulant or antiplatelet drugs, or if they had abnormal 
preoperative clotting studies. All of the patients re- 
ceived fentanyl -diazepam-—relaxant anesthesia and 400 
units of heparin/kg to initiate anticoagulation. Bentley 
BOS-105 oxygenators (Bentley Laboratories, Inc., Ir- 
vine, California) and the same composition of cardio- 
pulmonary bypass (CPB) priming fluid and cardio- 
plegic solution were used in all patients. 

Radial arterial blood samples for measurement of 
plasma heparin concentration and AT M activity were 
drawn at the following times: 1) before induction of 
anesthesia; 2) after induction of anesthesia but before 
incision; 3) 5 min before heparin administration; 4) 5 
min after completion of heparin administration; 5) 5 
min and 6) 30 min after initiating CPB; 7) after CPB, 
and immediately before protamine administration; 8) 
15 min, 9) 1 hr, and 10) 2 hr after completion of prot- 
amine administration; and 11) on postoperative day 
T, 12) day 2, and 13) day 3. Relating sampling times 
to completion of protamine administration rather than 
heparin administration caused a 25-min delay in 
drawing blood from patients in group 2 in relation to 
patients in group 1. Prothrombin time (PT), partial 





thromboplastin time (PTT), Lee-White coagulation 
time, and platelet count were measured in blood drawn 
2 hr after protamine administration (sample 10). The 
initial 5 ml of each blood sample were discarded to 
help to clear heparin from the arterial cannula. Ac- 
tivated coagulation times (ACT) verified adequacy of 
heparin dosage during CPB. A fluorometric method 
(Protopath, American Dade, Miami, FL) quantitated 
AT IM activity and heparin concentration (9). 

Intensive care unit personnel were not informed of 
the study so that standard blood replacement policies 
would not change. Postoperative blood loss was re- 
corded 1 and 4 hr after admitting the patient to the 
intensive care unit. 

Data are presented as the means + sD. The 
Mann-Whitney U test or an analysis of variance were 
used to compare the groups. P < 0.05 was considered 
statistically significant. 


Results 


The patients’ ages, heights, weights, duration of car- 
diopulmonary bypass, number of coronary artery 
grafts, heparin and protamine doses, and initial ACTs 
were not statistically different (Table 1). Postoperative 
coagulation studies are shown in Table 2. The PTT 
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Table 5. Plasma Heparin Concentration (units/ml plasma) 


Sampling period 1-3 4 5 6 


Group 1 0 
Group 2 0 
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7 8 9 10 11-13 


9.98 + 1.89 5.93 + 1.46 5.68 + 1.18 4.82 +1.57 0.22 +0.11 0.16 + 0.13 0.07 + 0.05 0 
9.57 + 2.16 6.04 + 1.39 5.98 + 1.97 4744116 0.05 +0.05 0.03 + 0.05 0.07 + 0.07 0 





and Lee-White coagulation time were significantly 


_ longer in group 1 than in group 2. Although the pro- 


thrombin time was statistically longer in group 1, this 
difference was not clinically important. Mean ACT in 
group 1 after protamine also was statistically longer 
than that in group.2, but remained within normal 
limits (135 + 8 sec). Clinical evidence of clotting ap- 
peared in all patients before mediastinal closure. 

Blood losses were not significantly different in the 
two groups (Table 3). Postoperative volume replace- 
ment, outlined in Table 4, indicates that despite the 
longer coagulation times, PT, and PTT values nated 
in group 1, patients in this group did not require more 
blood products than those in group 2. 

Plasma heparin concentrations were not statisti- 
cally different. However, after protamine administra- 
tion, heparin concentrations were higher in group 1 
than group 2 in samples 8 through 10. Heparin’ con- 
centrations were zero 24 hr after protamine admin- 
istration. These results are shown in Table 5. 

Antithrombin activity progressively decreased with 
each measurement: period before cardiopulmonary 
bypass. The largest decrease in AT III activity oc- 
curred with initiation of CPB, after which AT M ac- 
tivity slowly increased. Eighty percent AT II] activity 
returned on the second postoperative day, not im- 
mediately after protamine ‘administration. There was 
no significant difference in AT II] activities in the two 


groups (Fig. 1). 


Discussion 

Several relationships evolve from this study. First, 
heparin concentrations were slightly higher in group 
1 after protamine administration. Second, the results 
of coagulation studies were significantly different 2 
hr after protamine administration despite the fact that 
heparin concentrations were equal. Third, AT III ac- 
tivity did not return to preoperative levels immedi- 
ately after protamine administration. 

Overall, analysis of variance revealed no difference 
in heparin concentrations between the groups; how- 
ever, an ANOVA evaluation of the data from mea- 
surements 8-10 showed that heparin concentration 
decreased significantly more slowly in group 1 than 
it did in group 2. This difference was small and as- 
sumes only. minor clinical significance. One expla- 
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Figure 1. Antithrombin activity did not return to normal (> 80% 
activity) until the second postoperative day. The two groups were 
not statistically significantly différent. See text for definition of 
measurement periods. Patients in group 1 were given protamine 
over 5 min, and those in group 2 received protamine over 30 min. 


nation for the difference in postreversal heparin con- 
centration relates to sampling times. The first 
postreversal sample (sample 8) was drawn 15 min 
after completion of protamine administration. Blood 
samples in group 1, therefore, were drawn 25 min 
earlier in relation to spontaneous heparin clearance. 
We assume that this 25-min difference in sampling 
times is the major reason for the small difference iri 
plasma heparin concentrations. Heparin rebound si- 
multaneously occurring with protamine ‘administra- 
tion could retard disappearance of heparin from the 
circulation and further explain the slower decrease in 
heparin concentration in group 1. The cause of hep- 
arin rebound remains controversial, and many the- 
ories have been advanced to explain its occurrence 
(10-14). Heparin is taken up by reticuloendothelial 
cells (15). From this potential storage site, heparin can 
be released into the circulation to become active again. 
Heparin also is taken into endothelial cells ‘and pos- 
sibly metabolized (16,17). Whether pharmacologically 
active unmetabolized heparin is released from this site 
is unknown. Heparin rebound could also relate to 
protamine metabolism (18). Both bound and unbound 
protamine are metabolized in plasma at 37°C. Once 
protamine is metabolized, released heparin could be- 
come active again. 

‘Heparin concentrations equalized 2 hr after prot- 


amine administration. However, coagulation profile 
drawn at measurement 10 revealed greater heparin 
activity in group 1. The greater residual heparin ac- 
tivity in group 1 in the presence of equal heparin 
concentrations remains perplexing and highlights the 
importance of clinically distinguishing heparin con- 
centration and activity. Although we cannot rule out 
the possibility of disseminated intravascular coagu- 
lation or differential platelet activity in group 1, these 
explanations remain only remote possibilities by vir- 
tue of normal clinical clotting. Despite these labora- 
tory findings, patients in group 1 neither lost nor 
received more blood than patients in group 2. 

Antithrombin M activity decreased with initiation 
of cardiopulmonary bypass. This change was likely 
due to acute hemodilution. Antithrombin III activity 
slowly increased after protamine administration, not 
abruptly as suggested by Kitani et al. and Okajima et 
al. (6,7). Differences in experimental technique may 
explain this finding. Our technique measured enzyme 
activity, whereas other investigators measured pro- 
tein concentrations. This second method does not 
measure anticoagulant activity of the protein. Because 
AT IM activity remained below 80% for 24 hr after 
bypass, the patients are potentially at risk for for- 
mation of venous thrombi during the first postoper- 
ative day (19). l 

In summary, slowly administered protamine not 
only may circumvent its negative hemodynamic ef- 
fects in patients with poor left ventricular function 
(5), but also, as this study reveals, it results in clini- 
cally acceptable coagulation with improved postop- 
erative coagulation studies. Because blood loss was 
similar, rapid administration of protamine offers no 
advantage over slow administration of protamine. In- 
terestingly, protamine does not restore AT III activity. 
This finding establishes the possibility of postopera- 
tive thrombus formation in a patient whose blood is 
clotting in the presence of reduced AT II activity and 
emphasizes the importance of preoperative antiplate- 
let therapy (20,21). 
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Twenty-five patients with expansive pathologic brain le- 
sions, who were anesthetized with thiopental, nitrous oxide 
in oxygen, and fentanyl, and who were mechanically ven- 
tilated to ensure normocarbia, recetved atracurium besylate 
0.6 mg/kg, intravenously. Intracranial pressure, mean ar- 
terial pressure, central venous pressure, heart rate, and end- 


Atracurium besylate is a novel bis-quaternary com- 
petitive neuromuscular blocking agent devoid of un- 
desirable cardiovascular side effects (1). Its effect on 
cerebral metabolic rate (CMRO,), cerebral blood flow 
(CBF), and intracranial pressure (ICP) has been stud- 
ied in dogs by Lanier et al. (2). Haigh et al. (3) have 
studied its effect on intracranial and intraocular pres- 
sure in monkeys. This study evaluates the effects of 
high doses of atracurium on ICP and other cardio- 
vascular variables in neurosurgical patients undergo- 
ing general anesthesia. 


Methods 


Twenty-five adult patients (19-62 yr of age) with cere- 
bral tumors and papilledema undergoing neurosurg- 
ical operations under general anesthesia were in- 
cluded in this study (Table 1). All patients gave 
informed consent, and the study was approved by 
the Human Experimentation Review Committee of 
the Anesthesia and Resuscitation Department, Uni- 
versity of Rome “La Sapienza.” 

Premedication consisted of atropine, 0.01 mg/kg, 
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tidal CO. were simultaneously recorded for 5 min before 
and for 10 min after administration of the muscle relaxant. 
No statistically significant changes were observed after 
administration of atracurium besylate. These results suggest 
that atracurium besylate may be used for muscle relaxation 
during neurosurgical operations, despite tts potential for 
histamine release and excitement of the central nervous system. 


Key Words: NEUROMUSCULAR RELAXANTS— 
atracurium. 


and phenobarbital, 1.5 mg/kg, given intramuscularly 
approximately 45 min before the operation. Anes- 
thesia was induced with thiopental, 5 mg/kg, and 
maintained with 60% NO in O, and fentanyl, 0.01 
mg-kg `^hr- '. Tracheal intubation was performed after 
a bolus injection of succinylcholine, 1 mg/kg. 

All patients were placed in the supine or lateral 
position with the head elevated 15° to facilitate venous 
drainage. All were mechanically ventilated to ensure 
normocarbia (Paco, 35.13 + 3.14 mm Hg) and con- 
tinuously monitored for ECG, heart rate (HR), end- 
expiratory CO:, systemic arterial blood pressure 
(SABP), and central venous pressure (CVP). A Teflon 
cannula (18-gauge) was introduced into a radial artery 
for measurement of SABP and a Teflon catheter (14- 
gauge) was inserted via the right internal jugular or 
subclavian vein in order to measure CVP. Systemic 
arterial blood pressure and CVP were recorded from 
two Gould Statham P23 transducers and continously 
displayed on a Siemens Sirecust 404 modular moni- 
toring system together with the end-expiratory CO: 
and ECG (Siemens system). Intracranial pressure was 
measured using an epidural pressure transducer 
(Gaeltec ITC/b) that was calibrated prior to insertion 
with zero checked in situ (4). This was inserted for a 
length of 3 cm via the first burrhole performed, and 
the output was amplified using the Gaeltec Amplifier 
57/b. 

At least 30 min after succinylcholine injection and 
when all the measured parameters were stable, atra- 
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Table 1.. Patient Data 


Patient 


number Sex Age (yr) Intracranial pathology 


1 M 54 Olfactory groove meningioma 
2 M 19 Right frontal metastasis 
3 F 61 Right occipital astrocytoma 
4 M 51 Right frontal glioblastoma 
5 M 38 Right parietal glioblastoma 
6 F 62 Left frontal metastasis 
7 M 58 Right tuberculum sellae meningioma 
8 F 50 Left parietal meningioma 
9 F 60 Right frontoparietal metastasis 
10 M 36 Right parietooccipital cystic astrocytoma 
11 M 49 Right temporal glioblastoma 
12 F 61 Olfactory groove meningioma 
13 F 34 Craniofaringioma 
14 M 36 Left frontal astrocytoma 
15 M 58 Right occipital glioblastoma 
16 F 39 Right frontal astrocytoma 
17 M 52 Right frontal basal metastasis 
18 M 46 Left sphenoidal ridge meningioma 
19 F 52 Parasagittal oligodendroglioma 
20 F 46 Right temporal fossa meningioma 
21 M 59 Right parietal astrocytoma 
22 M 52 Frontal parasagittal meningioma 
23 F 55 Right temporal glioblastoma 
2 M 61 Right frontal metastasis 
25 M 56 Right temporoparietal astrocytoma 


curium, 0.6 mg/kg, was administered intravenously. 
The speed of the injection was over 60 sec in the first 
16 patients and then progressively shortened to 5 sec. 
End-expiratory. CO, SABP, CVP, and ICP were 

registered continuously on a four-channel MFE 1400 
polygraph recorder at a paper speed of 50 mm/min. 
Recording started 5 min before injection of muscle 
relaxant to obtain control baseline data and for 10 min 
afterwards. l 

-The neurosurgical operation continued after the re- 
cording had ended. Mean values of SABP, CVP; ICP, 
and HR were displayed on the monitors during in- 
vestigation. The values for cerebral perfusion pres- 
sure (CPP) were calculated by the usual formula: CPP 
= MAP — ICP, where MAP is the mean arterial pres- 
sure. Fisher’s test for variance analysis was applied 
to evaluate the statistical significance of the parame- 
ters studied; P = 0.05 values were considered statis- 
. tically significant. 


Results 


Results and statistical data are shown in Table 2. None 
of the measured parameters showed statistically sig- 
nificant variations. More specifically, the basal values 
of ICP were, in all except three cases, within normal 
limits, even though all the patients had papilledema 
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at the time of preoperative examination and in no case 


did ICP increase after administration of atracurium. 


In a few patients, ICP showed a greater than average 
decrease (patients 6,10,14,17), but this was not always 
correlated to higher initial ICP values or to greater 
variations in the other parameters measured 
simultaneously. 


Discussion 


After administration of muscle relaxant to sntifically 
ventilated patients, a mild to moderate reduction of 
ICP may be expected (5). This is related to the de- 
crease in CVP and mean endothoracic pressure re- 
sulting from relaxation of the skeletal muscles. How- 
ever, it is well known that muscle relaxants often have 
undesirable cardiovascular side effects, in general sec- 
ondary to effects on sympathetic or parasympathetic 
nervous conduction or to Histamine release (6,7). 

In turn, these unwanted side effects may provoke 
an increase in ICP (8-10) or a decrease in CPP that, 
even if modest, may irretrievably worsen the ischemic 
damage to the cerebral parenchyma (5,11) iri patients 
with expansive-type intracranial pathologies. 

In fact, a transient though potentially dangerous 
increase in ICP has been observed in some patients 
treated with succinylcholine and with d-tubocurdrine. 
The latter may produce a more marked decrease in 
CPP by simultaneously decreasirig MAP. The increase 
of ICP after administration of suiccinylcholine has been 
attributed to the incréase in intracranial blood volume 
resulting from muscular fasciculations (12-14) or, more 
recently, to a transient cerebral vasodilation or veno- 
constriction produced directly or indirectly by the 
drug itself (15,16). In the case of d-tubocurarine, the 
increase of ICP has mainly been attributed to the cere- 
bral vasodilatory effect of the releaséd histamine (8,9). 

Atracurium has a negligible effect on sympathetic 
and parasympathetic nervous conduction at clinically 
used doses (17). It may, however, release histaminé 
into the circulation (18,19), although in much lower 
quantities than d-tubocurarine (20,21). Some authors 
(20-22) consider that these amounts are sufficient to 
produce unwanted hemodynamic effects in some pa- 
tients, such as arterial hypotension and tachycardia. 

Furthermore, laudanosine, the main metabolite of 
atracurium, has long been known to have an. excita- 
tory effect on the central nervous system (23-25). It 
originates by Hoffman elimination (26) and also seems 
to be present as an impurity in the commercially avail- 
able unopened ampules (27). Lanier, et al. (2) have 
shown that doses of atracurium of 1 mg/kg or more 
administered to dogs during light halothane anes- 
thesia cause an electroencephalographic arousal re- 
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Table 2. Responses to Atracurium* 
ae HR (beats/min) MAP (mm Hg) CVP (mm Hg) ICP (mm Hg) CPP (mm Hg) 
(min) 0 5 10 0 5 10 0 5 10 0 5 10 0 5 10 
Patient 
1 64 68 68 80 80 80 4 4 4 9 8 3 71 72 72 
zZ 75 77 75 68 68 68 3 g 5 16 14 14 52 54 54 
3 70 70 70 90 90 90 8 7 7 5 4 4 85 86 86 
4 65 65 65 83 83 83 6 5 5 8 8 8 75 75 75 
5 74 74 74 65 65 65 3 3 3 10 9 9 55 56 56 
6 50 52 50 90 90 90 8 4 4 28 24 18 62 66 72 
7 73 73 73 70 70 70 7 6 6 22 19 18 48 51 52 
8 67 70 67 78 78 78 8 7 6 6 6 6 72 72 72 
9 60 60 60 70 70 70 3 3 3 20 20 20 50 50 50 
10 80 80 80 95 90 90 10 8 8 12 7 6 83 83 84 
11 74 74 74 72 72 72 3 4 4 25 24 y 47 48 50 
12 60 65 65 70 70 70 9 9 9 8 Z 7 62 63 63 
13 70 70 70 85 85 85 6 6 6 7 7 7 78 78 78 
14 70 70 70 90 90 90) 5 4 4 14 10 3 76 80 81 
15 62 64 64 73 73 73 6 4 4 16 14 12 57 59 61 
16 60 60 60 75 73 75 10 10 10 14 12 12 61 63 63 
17 60 60 60 75 79 75 4 3 3 12 10 8 63 65 67 
18 78 78 78 70 70 70 7 7 7 4 4 4 66 66 66 
19 75 75 75 75 79 83 8 3 6 4 4 3 71 71 80 
20 70 70 70 74 76 76 4 4 4 Z 5 6 67 71 70 
21 70 70 70 75 Th 86 8 6 4 4 3 3 71 74 83 
22 60 60 60 70 70 70 5 5 5 4 3 3 66 67 67 
23 76 75 75 88 88 6 6 6 14 13 13 74 75 79 
24 62 64 62 66 68 70 4 3 3 10 9 9 57 59 61 
25 56 56 56 74 74 74 3 3 3 7 6 7 67 68 67 
Mean 67.24 68.00 67.68 76.88 76.88 77.64 6.04 5.24 5.28 11.44 10.00 944 65.44 66.88 68.20 
SEM 1.52 1.44 1.48 1.69 1.59 1.63 0.43 0.39 0.39 1.35 1.24 1.08 2.09 2.05 2:15 
F 4.67 (ns) 1.84 (ns) 4.34 (ns) 16.93 (ns) 6.95 (ns) 


‘Values given before and 5 and 10 min after administration of atracurium, 0.€ mg/kg. 
Abbreviations: sem, standard error mean; ns, not significant; HR, heart rate; MAP, mean arterial pressure; CVP, central venous pressure; ICP, intracranial 


pressure; CPP, cerebral perfusion pressure. 


action that is not, however, accompanied by statis- 
tically significant variations in CMRO2, CBF, or ICP. 

In the present study we evaluated the effects of 
intravenous administration of 0.6 mg/kg of atracurium 
besylate on ICP and CPP, as well as on the more 
common cardiovascular parameters. This muscle re- 
laxant was given to patients under general anesthesia 
at a point during neurosurgical operation when all 
the studied parameters were stable. 

Intracranial pressure was measured via an epidural 
transducer because it was not feasible to obtain con- 
sent for intraventricular measurement from most of 
the patients. However, extradural pressure correlates 
quite well with intraventricular pressure within wide 
limits (28). We used transducers that could be inserted 
and removed easily and quickly through a normal 
craniotomy burrhole and that could be calibrated in 
situ (4). 

In the first 16 patients, intravenous injection of 
atracurium was made very slowly over 60 sec, first 
because it has been shown that the speed of drug 


administration is a critical element in the probability 
of histamine release (29), and second because it has ` 
recently been demonstrated that slow injection of 
atracurium prevented the clinical effects of histamine 
release in patients treated with 0.6 mg/kg of muscle 
relaxant (30). In the subsequent ten patients, injection 
speed was gradually increased but no alteration in the 
evaluated parameters was observed. 

Therefore, in accordance with the results obtained 
by Haigh et al. (3) and by Lanier et al. (2) in animals, 
administration of atracurium besylate did not produce 
significant variations in ICP, CPP or in the other pa- 
rameters measured in this study. 

The results suggest that atracurium may be used 
safely for neuroanesthesia and neurologic intensive 
care, despite its accepted potential for histamine re- 
lease and excitement of the central nervous system. 
Further studies are needed in animals and in humans, 
in order to explore the effects of laudanosine on the 
central nervous system, that might accumulate during 
long surgical procedures. 
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management of postoperative pain. Anesth Analg 
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Oral controlled release morphine (CRM) was compared in 
a double-blind study with epidural morphine (EM) for post- 
operative pain relief in 20 patients undergoing knee ar- 
throtomy under epidural anesthesia. Ten patients received 
30 mg CRM orally and saline epidurally (CRM group), 
and ten patients received placebo tablets orally and 4 mg 


morphine epidurally (EM group), both at the time of skin 
incision and then every 8 hr for 48 hr during which patients 
evaluated pain intensity using a visual analog scale. Nine 
of the ten patients in the EM group had good relief of pain 
throughout the study period. Seven of the ten patients in 
the CRM group needed rescue analgesics within 6 hr of the 
initiation of the study (P < 0.01). We conclude that CRM 
is not suitable for the control of early postoperative pain, 
whereas epidural morphine ts excellent. 


Key Words: PAIN-—-postoperative. ANALGESICS— 
morphine. 








Oral controlled release morphine (Contalgin®) has been 
recommended as a convenient postoperative anal- 
gesic (1). Because gastric emptying may often be de- 
layed postoperatively, oral morphine might not be 
absorbed sufficiently from the gastrointestinal canal 
to provide reliable pain relief. We therefore compared 
controlled release morphine (CRM) with epidural 
morphine (EM), which is known to provide excellent 
postoperative analgesia unaffected by gastrointestinal 
motility (2). 


Methods 


Twenty otherwise healthy patients aged 22-58 yr 
undergoing knee arthrotomy were investigated. The 
study was approved by the Copenhagen County Hu- 
man Investigation Committee, and informed consent 
was obtained from each patient. 

All patients received intramuscular morphine 
(women, 7.5 mg; men, 10 mg) for premedication 1 hr 
before the expected time of surgery. Epidural anes- 
thesia was given to all patients through a lumbar epi- 
dural catheter using 2% mepivacaine with epinephrine. 
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The patients were randomly divided into two 
groups. One group (CRM) received 30 mg CRM (Con- 
talgin®) orally and 10 ml normal saline epidurally; the 
other group (EM) received placebo tablets orally and 
4 mg morphine epidurally in 10 ml normal saline. In 
both groups the first administration of morphine and 
placebo was at the time of skin incision (time zero) 
with subsequent administrations every 8 hr for 48 hr. 
No additional medication was given. 

If the patients experienced inadequate pain relief, 
they were told to ask for additional analgesics, and 
then 1 mg/kg meperidine was given intramuscularly 
as “rescue” medication. These patients were with- 
drawn from further assessment apart from measure- 
ments of plasma morphine levels in the first 8 hr. 

At times 0, 1, 2, 3, 4, 6, 8 and 12 hr after the be- 
ginning of surgery, pain intensity, the level of seda- 
tion, and respiratory rate were recorded. Blood sam- 
ples were drawn simultaneously from an indwelling 
peripheral venous catheter for the determination of 
free morphine concentrations in plasma. Pain inten- 
sity was evaluated by the patients using an undivided 
visual analog scale (VAS: 0-100 mm, where 0 signifies 
no pain and 100 signifies unbearable pain). The level 
of sedation was assessed by one of the investigators 
using a 4-point scale where 0 stands for fully awake, 
1 for awakened by speech, 2 for awakened by a pain- 
ful stimulus, and 3 for no reaction to pain. Respiratory 


Table 1. Demographic Data 


CRM group“ EM group* 
Sex (male: female) 7:33 6:4 
Age (yr) 37” 41° 
Weight (kg) 75° 73° 
Duration of surgery (min) 50? ` 43° 
Morphine dosage, 0.10-0.16° 0.10-0.16° 

premedication (mg/kg) 

Mepivacaine dosage (ml) 14—-25° 15-26° 


“CRM group received 30 mg controlled release morphine orally and saline 
epidurally; EM group received placebo tablets orally and 4 mg morphine 
epidurally. 

Median. 

‘Range. 


frequency was counted over 1 min; arterial blood sam- 
ples for measurements of blood gas tensions were 
drawn if respiratory rate decreased below 8 per min- 
ute. Concentrations of free morphine in plasma were 
measured using radioimmunoassay (3). 

At the end of the study period patients were asked 
to assess the quality of pain relief for the postoperative 
period as a whole, using a 5-point scale (no relief, 
slight relief, moderate relief, good relief, or pain free). 
They were also asked if they would accept the same 
method for relief of postoperative pain again. 

The results were evaluated statistically using Stu- 
dent's t-test for comparison of mean morphine con- 
centrations, the Mann-Whitney test for comparison 
of VAS scores, and Fisher’s exact test for comparison 
of pain relief as a whole. The level of statistical sig- 
nificance was P < 0.05. 


Results 


Demographic data are shown in Table 1. There were 
no statistically significant differences between groups 
in Table 1. In none of the patients did epidural anes- 
thesia last more than 3 hours (pin prick) after the start 
of surgery. 

In the EM group 9 of 10 patients had adequate relief 
of postoperative pain and did not require additional 
analgesics. This compared to 3 patients in the CRM 
group who had adequate pain relief (P < 0.01). In 
Figure 1 are shown VAS scores for each patient in the 
2 groups and the time when rescue analgesics were 
given on request. In Table 2 median VAS scores are 
shown. There are statistically significantly higher VAS 
scores in the CRM group at 3 and 4 hours. After that 
time VAS scores in the CRM group are still higher 
without statistical significance (n = 3). 

In the EM group 1 patient was given intramuscular 
meperidine, 75 mg, 4 hours after the start of surgery 
without any pain relief. This patient was relieved of 
pain only after repeated doses of buprenorphine. 
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Figure 1. Pain intensity (visual analog scale scores} in relation to 
time in CRM (O) and EM (@) groups. R signifies administration 
of rescue analgesics. 


Two hours after the beginning of surgery 1 patient 
in the CRM group required rescue analgesics. Alto- 
gether 7 patients in the CRM group required addi- 
tional analgesics within 6 hours after the initiation of 
surgery. These patients had VAS scores above 50 at 
the time they asked for additional analgesics. 

All patients had respiratory frequencies exceeding 
10 breaths per minute during the study period. None 
of the patients had sedation scores above 1 (corre- 
sponding to awakened by speech). 

Mean values of free plasma morphine concentra- 
tions are shown in Figure 2. Concentrations in the 
CRM group are slightly higher than in the EM group, 
but only at 6 hours is this difference statistically sig- 
nificant. Free plasma morphine concentrations did not 
exceed 20 ng/ml after the first dose of epidural mor- 
phine or Contalgin®. There was a steady decrease in 
morphine concentrations over the next few hours, 
very low values (0-5 ng/ml) being found after 8 and 
12 hours. The correlation between VAS scores and 
plasma morphine concentrations is weak in both groups 
(CRM: r = —0.27; EM: r = —0.18). 

Side effects were more frequent in the EM group 
with 4 patients nauseated and vomiting, 2 with uni- 
versal itching and 1 developing urinary retention re- 
quiring bladder catheterization. In the CRM group 1 
patient vomited. None of the patients found the side 
effects so severe that they wanted to withdraw from 
the study. 

After 48 hours 3 patients in the CRM group were 


SLOW RELEASE MORPHINE FOR POSTOPERATIVE PAIN 


Table 2. Median Values for Visual pone Scale Scores 
after Start of Surgery 








3. 4 6 8 12 
EM group 4 4 6 4 3 
(n) (10) (10) (9) (9) (9) 
32 38 15 8 7 
(n) (10) (8) (3) (3) (3) 
P < 0.05. yes yes ono no no 


See footnote to Table 1 for EM group and CRM group doses. 


pain free or had good pain relief compared to 9 pa- 
tients in the EM group (P < 0.01). The same 3 and 9 
patients would accept the same method for relief of 
postoperative pain, should surgery be needed in the 
future.. 


Discussion 

Controlled release morphine (CRM) has been rec- 
ommended for the treatment of acute pain as well as 
cancer pain (1,4,5). Pharmacokinetic studies in human 
volunteers have shown that morphine concentration 
profiles after CRM differ significantly from those seen 
after conventiorial oral morphine. After CRM Leslie 
et al. (6), for example, found lower peak plasma free 
morphine concentrations but also morphine values at 
higher levels for prolonged periods. They suggested 
that the lower peak concentrations might possibly re- 
duce side effects. Contradictory results have, how- 
ever, been reported on the efficacy of CRM in pro- 
viding relief of pain under clinical conditions. Fell et 
al. (1) compared pain relief with CRM administered 
on demand and relief with intramuscular morphine 
in an open study of 50 patients undergoing either 
hysterectomy or cholecystectomy. Doses in their study 
were CRM, 20-30 mg, orally approximately every 6 
hours and intramusculat morphine, 10 mg/70 kg, ap- 
proximately every 4 hours. Side effects were com- 
parable in the 2 groups although patients receiving 
CRM were more sleepy. In a double blind trial of 
dental patients undergoing removal of impacted lower 
molars under general anesthesia, Hanks et al. (7) found, 

on the other hand, unsatisfactory pain relief after CRM 
20 mg as well as after an oral aqueous solution of 
morphine sulphate 10 mg. Only 1 patient in their 
CRM group and 3 in the gral aqueous solution of 
morphine group had unequivogally good pain relief. 

Half the patients in each group needed an additional 
analgesic. Hanks et al. found no correlation between 
morphine concentrations in plasma and pain relief. 
Trying to explain why CRM is effective in the treat- 
ment of cancer pain but not acute pain, Hanks et al. 
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Figure 2. Plasma morphine concentrations in the CRM (O) and 
EM (@) groups. For the CRM group, n = 9, except at the 12-hr 
value where n = 3. For the EM group, n = 9. Mean values and 
standard deviations are shown. A signifies arrival in the operating 
room. 


suggested that morphine kinetics are altered with re- 
peated doses so that the enterohepatic recirculation 
may contribute unconjugated morphine to plasma 
concentrations. 

Epidural morphine, however, is known to produce 
excellent relief on post-operative pain. In a controlled 
clinical study Gustafson et al. (2) demonstrated good 
pain relief after knee arthrotomy for a period of ap- 
proximately 12 hours, the effect being superior to and 
longer lasting than that of intramuscular morphine. 
Morphine concentrations in plasma were determined 
and peak concentrations were 20 ng/ml with epidural 
morphine (0.05 mg/kg) and 25 ng/ml with intramus- 
cular morphine (0.1 mg/kg), respectively. 

The present study was designed to evaluate the 
effect of oral CRM on acute postoperative pain. The 
above mentioned studies (1,2) suggested equipotency 
in terms of pain relief with CRM, 30 mg and EM, 4 
mg. 

In the present study intramuscular morphine was 
used for premedication. This complicates the inter- 
pretation of morphine plasma concentrations but serves 
the purpose of priming the patients with morphine. 


From the plasma concentrations it should neverthe- 
less be possible to detect whether or not oral mor- 
phine was absorbed. The pharmacokinetic studies of 
Leslie et al. (6) indicate that an increase in plasma 
morphine concentration would be expected approx- 
imately 4 hours after CRM ingestion. However, we 
found equally decreasing morphine values in the 2 
groups, the concentrations measured at times 0-3 hours 
probably being derived from the intramuscular mor- 
phine given for premedication. Thus we could dem- 
onstrate no absorption of oral morphine. 

In agreement with the results of Gustafson et al. 
(2) we found low plasma morphine concentrations 
after epidural morphine, confirming the theory that 
morphine applied extradurally does not enter the pe- 
ripheral circulation on its way to the opiate receptors 
in the spinal cord (8). 

In the present study epidural as well as oral mor- 
phine was given at the start of surgery when patients 
were totally pain free from epidural mepivacaine. We 
found insufficient relief of postoperative pain after 
CRM, 30 mg orally, in 7 of the 10 patients. Epidural 
morphine, however, provided excellent relief of post- 
operative pain. No obvious relationship between VAS 
scores and morphine concentrations was demon- 
strated. A vital question is whether or not doses were 
equivalent. Certainly they were not equivalent in terms 
of pain relief nor in terms of complications. However, 
from a theoretical point of view, we found it risky to 
increase the CRM dose further since gastric emptying 
postoperatively is unpredictable, and accumulated 
enteral morphine might later expose the patients to 
toxic doses. 

The side effects found in this study following EM 
do not differ from those found in other investigations 


(9). 


BANNING ET AL. 


We conclude that controlled release morphine, 30 
mg orally, cannot be recommended for the treatment 
of postoperative pain following knee arthrotomy. On 
the other hand epidural morphine, 4 mg every 8 hours, 
provides excellent relief of postoperative pain with, 
however, well known side effects. 
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Cardiovascular Responses and Lidocaine Absorption in 
Fiberoptic-Assisted Awake Intubation 


Anthony D. Sutherland, MBBS, FFARACS, and R. Tudor Williams, MRCS, LRCP, FRCP(C) 


SUTHERLAND AD, WILLIAMS RT. Cardiovascular 
responses and lidocaine absorption in fiberoptic-assisted 
awake intubation. Anesth Analg 1986;65:389-91. 


Local anesthetic toxicity and cardiovascular stress during 
fiberoptic-assisted awake tracheal intubation were assessed 
prospectively in 20 patients with airway management prob- 
lems. Cardiovascular responses, dose of lidocaine, its sys- 
temic absorption, and patient comfort were measured. A 
standardized topical anesthesia protocol of 4% lidocaine aero- 
sol, topical 2% lidocaine viscous gel, and direct perbron- 
choscopic laryngeal application was used. Awake intubation 
produced no significant elevation of blood pressure or pulse 
rate either during the topical application or after the intu- 


Awake tracheal intubation is often the safest way to 
manage patients presenting for surgery with known 
or suspected difficult airways (1). Intubation using a 
‘fiberoptic bronchoscope (FOB) is becoming more 
common and is a major advance in airway manage- 
ment prior to induction of general anesthesia. Initially 
the nose was used as a logical guide to the larynx for 
fiberoptic bronchoscopy and subsequently for fiber- 
optic-assisted nasotracheal intubation. The nasal ap- 
proach avoided potential damage to the FOB by the 
patient’s teeth. Recently, a variety of oral airway ob- 
turators or guides have been described to enable eas- 
ier and safer use of the fiberoptic bronchoscope through 
the mouth (2,3). 

Local anesthetic toxicity and cardiovascular stress 
are well recognized patient hazards during awake tra- 
cheal intubation under topical anesthesia. Inhalation 
of nebulized lidocaine before the intravenous induc- 
tion of general anesthesia has been shown to modify 
the cardiovascular response to standard laryngoscopy 
and tracheal intubation (4). The present prospective 
study was designed to evaluate the effectiveness and 
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bation. Despite a large total dose of topical lidocaine 
(5.3 + 2.1 mg/kg), the mean peak arterial plasma lidocaine 
concentration was low (0.6 + 2.1 pg/ml). Patient comfort 
assessment showed that nine patients had no discomfort, 
whereas 11 had minimal discomfort. Supplementary seda- 
tion used was minimal (fentanyl, 1.4 + 0.6 pg/kg, and 
diazepam, 1.9 + 1.8 mg). This method of producing topical 
anesthesia for awake tracheal intubation is recommended as 
a safe, easy, and comfortable method of managing patients 
with airway difficulties. 


Key Words: INTUBATION—-tracheal. EQUIPMENT— 
fiberoptic bronchoscope. 


safety of a standardized technique of fiberoptic-as- 
sisted awake intubation. Dosage of topical lidocaine, 
systemic absorption of lidocaine, cardiovascular re- 
sponses during the procedure, and patient comfort 
were measured. 


Methods 


Twenty adult patients with potentially difficult air- 
ways were prospectively studied. Informed consent 
and institutional approval of the study protocol was 
obtained. Potential airway problems included oral tu- 
mors, cervical spine deformity or instability, morbid 
obesity, and myopathies. Patients were premedicated 
with 150 mg oral ranitidine. Intravenous and intraar- 
terial catheters were inserted using procaine for local 
infiltration anesthesia before starting application of 
upper respiratory tract topical anesthesia. Baseline 
blood pressure and pulse rate were recorded, and a 
control arterial blood sample for lidocaine analysis 
was taken. The patient was positioned on the oper- 
ating table in a 35°, head up, flexed position. 
Topical anesthesia was started using a standard 
nebulizer filled with 5 ml of 4% lidocaine and driven 
by a flow of 8 L of oxygen per minute. A 5-cm flexible 
connector from the nebulizer to a mouthpiece enabled 
easy positioning by the patient of the mouthpiece 
during inhalation of the lidocaine aerosol. After 2-3 
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Table 1. Patient Characteristics and Supplementary Sedation 


TNR NTR tt et eA eem Sry brabus Al te erent werd ere LR her etree 


Weight (kg) 














Sex ASA class Age (yr)’ 
Male, n = & a es 43 + 17 
Female, n = 12 H, n = 14 (19-75% 

H, ns] 





"Mean + sp. "Range indicated in parentheses. 


Table 2. Cardiovascular Measurements during Awake 


Intubation“. 
SN es 
Systolic blood pressure Pulse rate 








Stage (mm Hg) (beats/min) 
Baseline 150 + 17 83 + l3 
Airway insertion 148 + 21 85 2 l6 
Tracheal spray 153 + 24 90 + 16 
Intubation 149 + 21 94 + 17 
1 min 123 + 20 86 + 18 
2min 114 + 18 83 + 16 
3 min 107 + 13 83 + 16 


‘Mean + sp, 


min of nebulization, the patient was given 5 ml of 2% 
viscous lidocaine gel to gargle for 1 min. Any residual 
gel was discarded. Further nebulization was contin- 
ued for 3 min, and the nebulizer was then connected 
to a plastic oral airway intubator (Fig. 1). 

Inhalation of the lidocaine aerosol continued via 
the airway intubator as it was slowly advanced into 
the oropharynx by the patient. After placement, the 
FOB was introduced through the intubator and the 
larynx visualized. Two milliliters of 2% lidocaine was 
injected through the FOB directly onto the vocal cords. 
if there was minimal patient response, the FOB was 
then passed through the larynx during a deep inspi- 
ration, a further 2 ml of 2% lidocaine was injected 
into the trachea, and the FOB was withdrawn. After 
lubrication of the bronchoscope with a water-soluble 
ointment, a size 7.0 cuffed endotracheal tube was en- 
sleeved over the bronchoscope, which was reintro- 
duced to a position of 2-3 cm above the main carina. 
The patient was instructed to take a deep inspiration, 
during which time the endotracheal tube was intro- 
duced into the trachea and a 2-mg/kg induction dose 
of thiopental was given slowly by an assistant. The 
position of the tip of the endotracheal tube above the 
main carina was confirmed visually as the FOB was 
withdrawn. The cuff was inflated, and general anes- 
thesia maintained with nitrous oxide, oxygen, and 
isoflurane. 

Intravenous fentanyl and diazepam were given in 
incremental doses by an assistant as required during 
the procedure, and the dosage was recorded. Coop- 
eration and verbal contact with the patient were main- 
tained at all times until after intubation. 
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1.4 + 0.6 1.9 +138 
(0-2.5) (0-6) 








Figure 1. Airway intubator attached to oxygen driven nebulizer. 


Blood pressure and pulse rate recordings were made 
by an independent observer at the following times: a 
baseline measurement before aerosol inhalation; after 
insertion of the airway intubator; after direct laryngeal 
and tracheal spray; after intubation; and at 1-, 2-, and 
3-min intervals after intubation. 

Arterial blood samples were also taken as follows: 
a control sample; after airway intubator insertion; be- 
fore FOB insertion; after intubation; and at 5, 15, 25, 
40, and 60 min after intubation The samples were 
analyzed for plasma lidocaine concentration using a 
polarized immunoassay technique. The normal ther- 
apeutic range for control of ventricular arrhythmias 
is 2-5 ug/ml plasma. 

Patients were visited the day after surgery and were 
asked to select from a graded scale the degree of dis- 
comfort they remembered during the awake intuba- 
tion procedure. The scale they were shown consisted 
of 0, no discomfort; 1, minimal discomfort; 2, uncom- 
fortable; and 3, extremely uncomfortable. 

Statistical analysis was performed using Student's 
t-test and linear regression analysis. Differences were 
consicered significant if P values were less than 0.05. 


Results 


Awake intubation was successfully completed in all 
patients with minimal cardiovascular response, low 
systemic absorption of lidocaine, and high patient 
comfort. Supplementary sedation requirements dur- 
ing the procedure were low. 

Patient characteristics, types of procedure, and doses 


FIBEROPTIC ORAL AWAKE INTUBATION 


Table 3. Topical Lidocaine Dosage (mg) 


4% Aerosol 2% Viscous 
Mean + SD 216 + 44 109 + 19 
Range (120-320) (80-160) 


Tabie 4. Mean Plasma Lidocaine Concentrations at Seven 
Stages of the Procedure 


Time Plasma lidocaine concentration 
Stage (min) (ug/ml, mean + SD) 

Airway insertion 10 0 

Pre-FOB insertion 18 0.4 + 0.3 
Postintubation 23 0.5 + 0.3 
5 min 23 0.7 + 0.4 
15 min 33 0.6 + 0.4 
25 min 43 0.6 + 0.4 
40 min 58 0.6 + 0.4 
60 min 78 0.5 + 0.3 


of supplementary intravenous sedation are shown in 
Table 1. Mean systolic blood pressure and pulse rates 
during the procedure are shown in Table 2. The mean 
time from start of aerosol inhalation to tracheal in- 
tubation was 18 + 4 min, with a range of 11-26 min. 
Despite a high total dose of topical lidocaine 
(5.3 + 2.1 mg), mean peak plasma concentration was 
low (0.6 + 0.3 ug/ml), and the highest plasma con- 
centration was 1.6 ug/ml (Table 3). Nine patients said 
they had no discomfort; 11 patients had minimal dis- 
comfort during the awake intubation. Fifteen patients 
could not recall the passage of the endotracheal tube. 
The total dose of lidocaine administered and a total 
supplementary intravenous fentanyl dose of greater 
than 1 pg/kg (n = 11) both were found to correlate 
independently with a lower systolic blood pressure 
after intubation (P < 0.05). Plasma lidocaine concen- 
trations showed no correlation with either the total 
dose or mg/kg dose of lidocaine administered or with 
the cardiovascular response to intubation (Table 4). 


Discussion 

Elective fiberoptic-assisted awake intubation is a well- 
tolerated and safe method of managing patients with 
difficult airways. Using the protocol described, min- 
imal supplementary sedation was required, cardio- 
vascular changes were minimal, systemic absorption 
of topical lidocaine was low, and patient comfort was 
high. 
The awake fiberoptic technique offered specific ad- 
vantages in the management of.the following clinical 
situations. Three patients had unstable cervical spine 
lesions and had symptoms of nerve root pressure. 
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Passive neck movements were avoided, and the pa- 
tients were able to monitor their own nerve root 
symptoms. Neuromuscular blocking drugs were com- 
pletely avoided in a young woman with myesthenia 
gravis presenting for thymectomy, thus simplifying 
her postoperative management. 

The oral airway intubator provided bronchoscope 
protection and aided visualization of the larynx dur- 
ing fiberoptic intubation. The use of oral intubation 
avoided potential bleeding that may occur using the 
nasal route (2). A smaller than normal endotracheal 
tube was routinely used because some patients had 
distorted oropharyngeal and laryngeal anatomy. A 
size 7.0 tube was also a snug fit on the bronchoscope, 
minimizing any risk of the endotracheal tube catching 
on the larynx as it was passed over the bronchoscope. 
This is particularly important because the vocal cords 
in awake patients are active and not in the widely 
abducted position seen after administration of muscle 
relaxant drugs. 

Awake intubation remains an important part of the 
skills of the clinical anesthetist. The described tech- 
nique using the airway intubator and fiberoptic bron- 
choscope makes a previously difficult and uncom- 


` fortable procedure easier for both the patient and 


anesthetist. There was a wide safety margin for local 
anesthetic toxicity, and the predominantly patient- 
controlled inhalational mode of topical anesthesia aided 
patient acceptance and comfort. Although there was 
patient variation and a wide scatter of blood pressure 
and pulse recordings, overall changes in cardiovas- 
cular measurements were minimal, making the tech- 
nique a useful alternative for patients presenting with 
difficult airways who have coexistent cardiac or neu- 
rologic disease. 
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Neonatal Responses to Alphaprodine Administered during Labor 


Kazusighe Murakawa, MD, Therese K. Abboud, MD, and Thormason Yanagi, MD 





MURAKAWA K, ABBOUD TK, YANAGI T. Neonatal 
responses to alphaprodine administered during labor. 
Anesth Analg 1986;65:392-4. 


The effect of intravenously administered alphaprodine on 
newborn Apgar scores, neonatal acid-base status, and the 
Neurologic and Adaptive Capacity Scoring System (NACS) 
were compared in 30 parturients. Patients in group 1 
(n = 15) received 20-40 mg increments of alphaprodine, 
with a total dose of 39.3 + 3.7 mg (X + SEM). Group 2 
patients (n = 15) recetved no medication during labor. 


Alphaprodine (Nisentil), first described by Ziering and 
Lee in 1947 (1), has been used for the relief of labor 
pain for more than three decades. In 1953, Kane (2) 
reported the results of using alphaprodine subcuta- 
neously in 1000 obstetrical cases. No maternal side 
effects other than transient dizziness in 0.8% of the 
cases were reported. Respiratory depression was ob- 
served in 4.9% of the neonates, and fetal mortality 
rate was reported to be 1.7%. The latter was not be- 
lieved to be related to alphaprodine. Miller et al. (3) 
reported that statistically significant decreases in ma- 
ternal tissue Po, and increases in tissue PCO; followed 
the intravenous administration of 0.4 mg/kg of al- 
phaprodine during labor. There was also a significant 
decrease in baseline fetal heart rate and variability, 
though these changes were not associated with ad- 
verse maternal or gross neonatal effects. The extent 
of the more subtle neonatal effects of alphaprodine 
has not been fully evaluated. 

The present study was undertaken to determine 
the effects of alphaprodine administered during labor 
on the mother, fetus, and neonate, as well as to mea- 
sure its maternal and fetal plasma levels. 
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Apgar scores, neonatal acid—base status, and the NACS 
were equally good in the two groups. The concentrations of 
alphaprodine in maternal vein, umbilical vein, and umbil- 
ical artery at delivery were measured using a gas-chromo- 
graphic mass spectrophotometric technique. The results 
showed an umbilical vein-to-maternal vein ratio of 0.52 + 
0.09. It is concluded that when administered as in this 
study. alphaprodine has no adverse effects on the neonate. 


Key Words: ANESTHESIA—obstetric. ANALGE- 


SICS—-alphaprodine. 


Methods and Materials 


We studied 30 healthy parturients at term gestation. 
The study was approved by our Human Research 
Committee, and informed consent was obtained from 
all patients. All the patients had ruptured membranes 
and had direct electronic monitoring of the fetal heart 
rate. Uterine activity was evaluated by an intrauterine 
fluid-filled catheter connected to a pressure transducer. 

Patients in group 1 (n = 15) received 20—40 mg 
increments of alphaprodine intravenously during the 
active phase of labor with a total dose of 39.3 + 3.7 
(X + SEM). Patients in group 2 (n = 15) did not receive 
any analgesics or medications during labor. 

At the time of delivery, blood was drawn from a 
maternal vein and from the umbilical artery and vein 
of a doubly clamped segment of the umbilical cord 
for measurement of alphaprodine levels and acid—base 
status. All samples were put into heparinized vacu- 
tainers and put on ice. The plasma was removed after 
centrifugation and frozen until assayed for drug levels 
using a gas-chromatographic mass spectrophotome- 
tric technique, which will be reported in detail sep- 
arately. The extraction procedure is similar to one 
previously reported for meperidine (4). The mass-to- 
charge ratios selected for single ion monitoring were 
m/z 172 for alphaprodine and m/z 114 for the internal 
standard, w-12174, a lidocaine analogue. The sensi- 
tivity of alphaprodine was 3 ng/mi. All neonates were 
evaluated by Apgar scores at 1 and 5 min, by umbilical 
venous and arterial blood acid—base status at the time 
of delivery, and by the Neurologic and Adaptive Ca- 
pacity Scoring System (NACS) 15 min, 2 hr, and 24 


ALPHAPRODINE DURING LABOR 


Table 1. Patient Data‘ 


Alphaprodine Control 

Maternal age (yr) 21.9 + 1.5 25.2215 
Maternal height (cm) 153.0 + 2.4 155:7 2.2.3 
Maternal weight (kg) 68.4 + 3.1 67.3 + 2.4 
Parity 

Primiparous 8 6 

Multiparous 7 9 
Infant weight (g) 3594.0 + 121.8 * 3486 + 116 
Gestational age (weeks) 39.8 + 0.7 39.9 + 0.4 


“Mean + SEM. 
No significant differences between groups by Student's t-test. 


hr after birth, according to previously described pro- 
tocol (5). Apgar scores were assigned by pediatricians 
unaware of the analgesic management of the mother 
during labor. The NACS examination was performed 
by a trained anesthesia research fellow. The NACS 
gives a total score, the maximum being 40. Arbitrarily 
choosing 35—40 as the score denoting a vigorous baby 
(5,6), we determined the percentages of infants scor- 
ing 35 or higher and compared these between the 
study groups at 15 min, 2 hr, and 24 hr after birth. 
We also determined the percentage of infants having 
high scores on each of the individual test items. Data 
were analyzed for statistical significance using Stu- 
dent's t-test and x*-analysis when appropriate. A P- 
value of less than 0.05 was considered statistically 


significant. 


Results 


Data on maternal age, weight, height, parity, infant 
gestational age, and weight are summarized in Table 
1. There were no significant differences between the 
two groups with regard to patient characteristics. All 
patients in the two groups had normal, spontaneous 
vaginal delivery. The interval between the last dose 
of alphaprodine and delivery was 197 + 96 min (X 
+ SEM). 

All neonates were vigorous at 5 min, and there was 
no significant difference in the incidence of low 1-min 
Apgar scores between the two groups. Four neonates 
in the alphaprodine group and three neonates in the 
control group had low 1-min Apgar scores. Umbilical 
artery and vein blood gases, pH, and acid—base status 
were within normal limits and did not differ signifi- 
cantly in the two groups (Table 2). The results of the 
NACS in the two groups of neonates are presented 
in Table 3. There were no significant differences be- 
tween the two groups for any of the test items of the 
NACS with the exception of the habituation to light 
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Table 2. Acid~Base and Blood Gas Data 


Alphaprodine Control 
(n = 15) (n = 15) 
Umbilical vein 
pH 7.30 * 0.02 7.33 + 0.01 
Po, (torr) 25.2 + 1.4 26.4 + 0.9 
Pco (torr) 34.0 = 1.74 35.1 + 1.1 
‘Base excess (mEq/L) -9.1 = 1.2 -4.5 + 1.2 
Umbilical artery 
pH 7.24 + 0.03 7.27 + 0.02 
Po (torr) 17.9 + 0.8 18.8 + 1.3 
PCO, (torr) 38.7 + 3.3 44.3 + 2.1 
Base excess (mEq/L) -9.1 + 2.1 -5.4 + 0.7 


No significant differences between groups by Student’s t-test. 


reflex, which was significantly higher in the alpha- 
prodine group at 24 hr of age (P < 0.01). There were 
no significant differences for the percentage of infants 
who scored 35—40 on the NACS in the two groups. 

Alphaprodine was detected in all maternal and fe- 
tal blood samples (Table 4), the fetal to maternal ratio 
averaging 0.52 + 0.09 (X + SEM). 


Discussion 


Narcotics such as alphaprodine and fentanyl! with rapid 
onset and short duration of action seem to be the ideal 
narcotics for pain relief during labor. Theoretically, 
they can be given in advanced labor with less risk of 
subsequent neonatal respiratory depression than when 
longer acting narcotics are used. However, the res- 
piratory depressant effect of alphaprodine is well- 
known (7) and appears to be dose-related. The reports 
in the literature of maternal respiratory arrest were 
associated with much larger doses of alphaprodine 
than those used in the present study. Miller et al. 
reported that 0.4 mg/kg intravenous alphaprodine given 
to mothers during labor (a dose similar to the dose 
we used ir our study) significantly decreased baseline 
fetal heart rate and variability, decreased maternal 
tissue PO2, and increased maternal tissue Pco,. How- 
ever, these changes were not associated with gross 
neonatal effects. In the present study we used the 
NACS examination, which has proved to be a sen- 
sitive test for detecting subtle neonatal drug effects 
(8-12), and found no adverse neonatal effects of al- 
phaprodine. However, both in Miller’s study and in 
the present study only healthy mothers with healthy 
fetuses were studied. The dose of alphaprodine was 
relatively small. Further work is needed to fully eval- 
uate the neonatal effects of a large dose of alpha- 
prodine in the compromised fetus with impaired uter- 
oplacental blood flow. 
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Table 3. Percentage of Infants who Scored 2 for each Test Item of the Neurologic and Adaptive Capacity Score 























15 min 2 hr 24 hr 
Alphaprodine” Control” Alphaprodine Control Alphaprodine Control 
Adaptive capacity 
1 Sound 60 67 93 93 96 100 
2 Habituation to sound 60 33 67 73 80 46 
3 Light 100 60 93 86 3 92 
4 Habituation to light 60 36 7 60 93° 38° 
5 Consolability 86 67 80 23 96 85 
Passive tone 
6 Scarf sign 100 93 100 93 93 100 
7 Elbow recoil 73 93 73 80 80 100 
8 Lower limb recoil 93 86 86 93 93 92 
9 Popliteal angle 100 93 93 86 93 92 
Active tone 
10 Neck flexors 40 60 47 80 86 92 
11 Neck extensors 53 67 29 73 86 100 
12 Palmar traction 80 67 60 67 93 46 
13 Supporting reaction 53 7 86 73 93 85 
Primary reflexes 
14 Palmar grasp 80 86 73 93 80 92 
15 Automatic walking 33 67 40) 33 53 38 
16 Sucking 80 80 93 80 100 100 
17 Motor response 100 93 100 100 100 100 
General assessment 
18 Alertness 80 100 86 100 100 100 
19 Crying 86 86 73 86 100 100 
20 Motor activity 73 3 66 93 86 92 
Percent of good scores on all tests 66 60 60 80 93 92 
"Group l, n = 15, 
"Group 2, n = 15. 
"P < 0.01 using y*-test. 
Table 4. Mean Maternal and Fetal Alphaprodine Plasma 4. Mather LE, Tucker GT. Meperidine and other basic drugs: gen- 
Concentrations (ng/ml) eral method for their determination in plasma. J Pharm Sci 
1974;63:306~7. 
5. Amiel-Tison C, Barrier G, Shnider SM, Levinson G, Hughes 
Maternal wets 60.8 + 92 SC, Stephani S. A new neurologic and adaptive capacity scor- 
Gera) ing system for evaluating obstetric medications in full term 
Gabieawer 0474 newborns. Anesthesiology 1982;56:340—50. 
(n = 9) 6. Stephani JS, Hughes SC, Shnider SM, Abboud TK, et al. Neo- 
Umbilical artery 34.8 + 63 natal neurobehavioral effects of inhalation analgesia for vaginal 
eee) delivery. Anesthesiology 1982;56:351-5. 
ee ee Bisons > AA 7. Paul RH, Petrie EH. Fetal intensive care. Wallingford, Con- 
Popina ven matina ve T E i necticut: Corometrics Medical Systems, 1979:18. : 





‘Mean + SEM. 
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The Coronary Circulation and Myocardial Oxygenation 


in Coronary Artery Disease: 
Effects of Anesthesia 


Emerson A. Moffitt, MD, and Dhun H. Sethna, MD 


The companion review to this article, published in 
last month’s issue of Anesthesia and Analgesia, has al- 
ready examined the coronary circulation, its anatomy 
and physiology, hemodynamics and regulation of 
normal coronary flow, along with alterations in hemo- 
dynamics due to coronary stenosis and metabolic in- 
dices of myocardial ischemia (52). In this review the 
patient with coronary arterial disease who must have 
anesthesia for a cardiac or noncardiac operation is 
considered. Because of the large number of patients 
having coronary artery bypass grafting (CABG) and 
the even larger umber with coronary disease having 
other operations, anesthesiologists must deal with 
coronary patients regularly. Patients who have had a 
previous infarction have a higher risk of perioperative 
reinfarction’ and death than those without a known 
infarction (44,62,64). Thus a pertinent subject in anes- 
thesia is how to manage the patient with coronary 
disease through anesthesia and recovery without in- 
curring infarction. Paralleling the cardiac surgical ad- 
vances of the last 15 years have been significant strides 
in the knowledge and clinical skill with which these 
patients are handled during anesthesia. Introduction 
of direct monitoring to anesthesia, particularly the 
pulmonary arterial catheter (63), plus the intravenous 
opiates (8,16,61) and new inhalational agents (5,7), 

have contributed to the ability to safely manage these 
patients through cardiac operations. Since the first 
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reports in 1957-59 (6,9,13,19,27,40,42,43), publica- 
tions too numerous to list have related hemodynamic 
studies during anesthesia for open-heart operations 
and added to the clinical knowledge for managing 
cardiac patients. : 

In the early days of open-heart surgery, the practice 
for anesthetizing children with congenital cardiac le- 
sions was to keep the anesthetic state light so as not 
to depress the heart and circulation (43). More re- 
cently, for adults with coronary disease, the accepted 
philosophy and practice is to keep cardiac pumping 
function and blood pressure controllably depressed. 
That is, cardiac work and myocardial oxygen con- 
sumption (MVo,) should not be allowed to increase 
because the oxygen supply to myocardial ischemic 
areas may not increase sufficiently (20). In addition, 
responses of the autonomic nervous system allowing 
increases in heart rate and blood pressure must be 
attenuated. It is now accepted that low pressure—low 
demand anesthetic agents and techniques best allow 
preservation of myocardial oxygenation (17). Proof of 
this has emerged only since 1979 with application in 
the operating room of practical methods for measur- 
ing coronary blood flow and myocardial energy 
metabolism. 

This review examines the current state of knowl- 
édge of coronary blood flow and myocardial oxygen- 
ation in humans with coronary lesions correlated with 
hemodynamics and cardiac function during and after 
anesthesia for CABG. The thesis stated above has 
been validated in patients with preserved ventricular 
function by myocardial energy metabolic studies dur- 
ing anesthesia with the commionly used agents. In 
addition to a review of the reports on humans by 
others, a series of studies by the senior author is pre- 
sented. This series employs a standard protocol in 
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one class of coronary patient in order to investigate 
the action of anesthetic and cardioactive drugs. Sim- 
ilar information is not yet available from coronary 
patients with poor ventricular function. The review 
will not fully encompass the copious literature on an- 
esthetic management of patients with ischemic heart 
disease. 


Measurement of Coronary Blood Flow and 
Myocardial Oxygenation 


Methods of measuring coronary blood flow for prac- 
tical use in the operating room were not available until 


about 1970. From 1965 to 1972, Moffitt et al. studied 
myocardial energy metabolism in groups of patients 
during and after open-heart operations. Included were 
adults having aortic (32), mitral (29), and double valve 
(31) replacement; children with congenital lesions (30); 
and those developing fatal cardiogenic shock (26). The 
surgeon inserted a catheter into the coronary sinus 


(CS) after thoracotomy, allowing determination of ar- 
teriovenous differences of energy substrates intra- 
operatively and for 3 subsequent days. Left coronary 
flow could only be estimated during direct coronary 
perfusion when MVO, could be calculated. Effects of 
anesthetic drugs could not be investigated. 

Although Rau (45) published in 1969 the argon 
method for determining coronary blood flow, its 
adaption to anesthetic research in humans was not 
reported until 1979 by Sonntag et al. (60). Similarly, 
although Ganz et al. (10) first reported in 1971 the 
thermodilution technique for measuring total coro- 
nary sinus blood flow (CSBF), use of this method in 
cardiac surgical studies began with Gray et al. (11) in 
1977, Wilkinson et al. (67) in 1979, and Reiz et al. (46) 
in 1981. Because coronary disease is regional and not 
global, Baim et al. (1) introduced in 1980 a modifi- 
cation to the coronary sinus catheter by which both 
total coronary sinus flow and regional flow from the 
great cardiac vein can be measured. 

Coronary blood flow normally varies with the need 
for myocardial oxygen (52). When measured over 30- 
sec intervals with the Ganz catheter before induction 
in 12 awake, sedated patients with Class III and IV 
disability, duplicate values for mean CSBF were 113.8 
and 112.9 ml/min (24). However, wide ranges in mea- 
sured coronary blood flow occur in patients with coro- 
nary artery disease. In one study mean arterial pres- 
sure (MAP) appeared to show a close correlation with 
coronary blood flow (34). Patients with the highest 
CSBF when awake (mean 176 ml/min, range 115-252) 
had an average MAP of 104 mm Hg (range 76-135), 
and patients with the lowest awake CSBF (mean 76 
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ml/min, range 62-96) had an average MAP of 78 mm 
Hg (range 74-101) (34). 

Awake patients with NYHA Class HI and IV dis- 
ability breathing air (mean Pao, 72 mm Hg) show a 
mean coronary sinus oxygen tension of 23 mm Hg 
(28). This results in a coronary venous oxygen satu- 
ration of 37%, which is the range regularly found in 
awaxe, sedated patients in the operating room. Cal- 
culated MVO: in such patients ranges from 9.9 to 10.2 
ml/min (24,34,36). In contrast, in unpremedicated pa- 
tients with an average MAP of 113 mm Hg anda mean 
heart rate of 75 beats/min, Reiz et al. found the mean 
MVO» to be 14.9 ml/min (48). During normal aerobic 
adenosine triphosphate (ATP) formation, 17% of ar- 
terial lactate is extracted by the myocardium (28). Find- 
ing more lactate in the coronary sinus than in the 
arterial blood (i.e., lactate production) indicates that 
efflux from anaerobic ATP formation exceeds influx 
in a large portion of left ventricular muscle. However, 
regional ischemia may not be reflected by either lac- 
tate sampling or flow measurement in the coronary 
sinus due to the dilution of metabolites with the much 
larger volume of blood-draining nonischemic muscle. 


Study Methods and Patient Populations 


since 1979 Moffitt and associates have employed the 
Ganz catheter (10) to study CABG patients, using the 
same protocol with each individual or combination of 
agents investigated. Patients studied were as uniform 
as possible: candidates for CABG with ventricular 
function preserved (ejection fraction > 0.5), without 
ventricular aneurysm, heart failure, associated valve 
disease, hypertension, or pulmonary disease. Beta- 
adrenergic or calcium-blocking drugs were adminis- 
tered through the night before operation. In the op- 
erating room, a radial arterial cannula and two central 
catheters were inserted via the right internal jugular 
vein in sedated patients. One was the usual pulmo- 
nary artery (PA) thermodilution catheter (63), and the 
other was the CS catheter (10), the latter placed with 
the aid of fluoroscopy. Each series consisted of re- 
cording arterial and central pressures; measuring du- 
plicate cardiac indexes (CI) and CSBF; ECG (V5); and 
drawing arterial and CS blood samples for oxygen 
saturation, hemoglobin, and lactate content. Sequen- 
tial series were done: awake, after induction, after 
intubation, before and after sternotomy, immediately 
after cardiopulmonary bypass, after chest closure, and 
1 and 24 hr after the operation. Each study group 
consisted of 10 patients, except for those who received 
halothane or morphine (six patients). 
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Anesthetic protocols were standardized for each 
series. For induction, halothane (36) concentrations 
were given with oxygen, to reduce MAP by an av- 
erage of 17% for 10 min before the second preintu- 
bation measurements. Enflurane (24) and isoflurane 
(23) were given similarly and decreased MAP 35 and 
33%, respectively. The protocol was to decrease sys- 
tolic blood pressure 25% from the preinduction value, 
although this was not achieved in the first study with 
halothane. Because blood pressure regularly de- 
creases on induction, 25% was chosen as reasonable 
in this patient population. The expected reduction in 
myocardial oxygen usage during this manner of in- 
duction was documented in the first studies. Con- 
centrations given during induction ranged from 0.93 
to 3% (end-tidal) for enflurane, 0.67 to 3.8% for iso- 
flurane, and up to 3% (inspired) for halothane. Pan- 
curonium (0.1 mg/kg) was given slowly during in- 
duction. Paco did not change during induction or 
throughout anesthesia, except during the bypass pe- 
riod. Anesthesia was maintained with concentrations 
necessary to keep systolic pressure slightly below awake 
values, i.e., to retain a steady, controlled hemody- 
namic depression. 
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Intravenous morphine (1 mg/kg) (36) was given 
over a mean of 17 min with oxygen inhalation before 
intubation; no additional anesthetic drugs were given 
during operation. Fentanyl (75 g/kg) (34) was given 
intravenously for induction with oxygen inhalation, 
followed by an infusion of 10 wg-kg~*'-hr~? until the 
end of cardiopulmonary bypass. For the nitrous oxide 
studies (33,39), 50% was added to oxygen 15 min after 
intubation for 15 min, to a background of 0.5% halo- 
thane, 0.5% enflurane, or the fentanyl anesthetic state. 
No stimulation was permitted during this time. For 
the two studies combining opiate and inhaled agent, 
induction began with fentanyl (30 g/kg), followed 
by enflurane (18) or halothane (25) sufficient to reduce 
systolic pressure 25% for 10 min before intubation. 
Anesthesia was then maintained with the inhaled agent 
and oxygen, titrated to keep hemodynamics mildly 
depressed compared with the awake state. Hemo- 
dynamic calculations and metabolic determinations 
were by standard methods (36). Analyses of variance 
and Student's t-tests were performed to determine 
levels of significance, comparing subsequent series in 
each group to the awake state and measurements 
among groups when applicable. 
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Coronary Blood Flow and Myocardial - 
Oxygenation Correlated with 
Hemodynamic Function 


Percent changes in mean values from the awake state 
for 12 hemodynamic and myocardial metabolic vari- 
ables at four intervals before cardiopulmonary bypass 
are presented in Figures 1-4. Five groups of patients 
each received one of the major anesthetic drugs with 
oxygen for induction and maintenance. The inhaled 
agent was halothane (36), enflurane (24), or isoflurane 
(23), and the intravenous agent was morphine (36) or 
fentanyl (34). Mean values of variables in the awake, 
sedated patients are given, and statistically a 
values identified. 


Halothane 


On induction MAP decreased (17%) without signifi- 
cant change in systemic vascular resistance (SVR), CI, 
or heart rate. Left ventricular stroke work index (SWI) 
was significantly depressed. The value of MVO, was 
- reduced (34%) below baseline with the heart extract- 
ing less oxygen, resulting in significant increases in 


MOFFITT AND SETHNA 


C] Halothane 

EA Enflurane 

MM sonurane 5 MEAM AWAKE LEVELS 
Ea Morphine + p.05 

Fentanyl 







Figure 2. Percent changes from awake 
levels in stroke work, cardiac index, and 
pulmonary capillary wedge pressure 
(PCWP). Stroke work index decreased after 
induction with all agents and after ster- 
notomy with all agents except morphine. 
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coronary sinus oxygen content (CSO2). With intuba- 
tion, MAP and heart rate increased above awake val- 
ues, but myocardial oxygenation was not compro- 
mised (35), with no hearts producing lactate and no 
ST segment changes. Hemodynamics were not changed 
by sternotomy except for an increase in pulmonary 
capillary wedge (PCW) pressure, for which there is 
no apparent explanation. Myocardial oxygen supply 
i.e., CSBF, was unchanged throughout, and although 
CS0, increased and MVo, decreased after induction, 
they remained unchanged after intubation and ster- 
notomy. Myocardial lactate extraction (MLE) contin- 
ued in all six patients. Although hemodynamics were 
not kept as depressed before bypass in this early study 
as in subsequent studies with enflurane and isoflur- 
ane, MVO; remained at basal levels with no evidence 
of anaerobic metabolism. 

Using the argon washin method for measuring 
CSBF, Sonntag et al. (60) found comparable results: 
halothane in healthy nonpremedicated subjects 
produced a dose-dependent reduction in CI and MAP; 
CSBF and MVO, decreased, probably because of deeper 
anesthesia than in our study; and MLE continued. 
Without using nitrous oxide, they gave an Fio, to 
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Figure 3. Percent changes from awake 
levels in myocardial oxygen consumption 
(MVo,), coronary sinus (CS) blood flow, 
and CS oxygen content. The greatest in- 
crease in CSO, conten: throughout was with 
isoflurane. Few in these variables 
were found from intubation on through 
sternotomy. 
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maintain Pao, at 90 torr, unlike our Fio, of 1.0. Sonn- 
tag et al. (12) also reported on CABG patients given 
halothane (0.9% end-tidal) with 50% N20; no evi- 
dence of ischemia was documented. In contrast to 
these studies in patients with normal ventricular func- 
tion, Reiz et al. [47) studied coronary patients in heart 
failure, who were having vascular operations em- 
ploying the Ganz catheter (10). Halothane with 30% 
oxygen decreased CI, MAP, SVR, and SWI; CSBF de- 
creased, as did MVo,.; but no myocardial lactate pro- 
duction occurred. The authors suggested that halo- 
thane by systemic vasodilation unloaded the failing 
left ventricle, this effect being greater than the direct 
cardiodepressant action. 

These studies show that metabolic control of coro- 
nary blood flow and MVO; is present during halo- 
thane anesthesia with maintenance of myocardial ox- 
ygen supply—-demand relations, even after surgical 
stimulation. 
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The intentional reduction in MAP on induction oc- 
curred from myocardial depression (decreased Cl) with 
reduced SWI without change in SVR. The decrease 
in CSBF (myocardial oxygen supply) was accompa- 
nied by a greater depression of myocardial oxygen 
demand (MVo,). Mean arterial pressure and SWI re- 
mained decreased at sternotomy, i.e., sympathetic 
responses to surgical stimulation were attenuated and 
MVo, was controlled. Neither arterial nor CS lactate 
increased at any time before cardiopulmonary bypass, 
and lactate extraction continued during and after 
anesthesia in every patient—the only group in which 
this occurred. Enflurane effectively dampened the cir- 
culation and MVo, throughout the study. 

The protocol of Larsen et al. (15) involving enflur- 
ane differed from ours in that nitrous oxide was also 
given, which can have a major influence on the cir- 
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culation (33,39). Mean arterial pressure and CI were 
reduced through sternotomy with no change in heart 
rate. Coronary sinus blood flow and MVO; remained 
depressed compared to baseline values, and no hearts 
produced lactate, i.e., no evidence of anaerobiosis. 
These studies show that enflurane also effectively 
maintained myocardial oxygen balance during anes- 
thesia and surgical stimulation. Rydvall et al. (50) ad- 
ministered 70% nitrogen with enflurane (end-tidal 
1.4%) for 30 min to non-f8-blocked patients. This deeper 
anesthetic state (50% decrease in MAP), however, 
produced coronary dilation and myocardial ischemia 
in four of 11 patients. 


Isoflurane 


On induction MAP decreased due to a decrease in 
SVR, with no change in CI (23). With a 33% reduction 
in afterload and no change in heart rate or pulmonary 
wedge pressure (preload), one would expect an in- 
crease in CI (pumping function). That this did not 
occur suggests that isoflurane is a potent myocardial 
depressant, which is confirmed by the major depres- 
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Figure 4. Percent changes from awake 
levels in myocardial] lactate extraction and 
arterial and coronary sinus (CS) lactate 
concentrations, plus number of patients 
in whom myocardial lactate production was 
observed (A). Lactate production oc- 
curred more often with isoflurane than with 
other anesthetics, except after sterno- 
tomy, when morphine also was associ- 
ated with myocardial lactate production. 
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sion of SWI. Systemic vascular resistance returned to 
awake levels on intubation and remained at this level. 
After sternotomy both CI and MAP were depressed 
with a major decrease in CSBF. Coronary sinus ox- 
ygen content (CS0.) increased on induction more than 
with any other agent and remained increased through 
sternotomy. Coronary vascular resistance (CVR) de- 
creased significantly on induction, the only study in 
which this was seen. Despite this evidence of favor- 
able oxygen balance, three of ten myocardia produced 
lactate after induction, one of which also did so after 
intubation. Another heart produced lactate before 
sternotomy. Of all studies by Moffitt et al., only in 
the isoflurane group was arterial lactate content ele- 
vated after induction, an increase continuing until 
bypass. Although isoflurane maintained a depressed 
circulation, regions of the myocardium were deficient 
in oxygen (lactate production) early during anes- 
thesia, despite coronary vasodilation (elevated CSo2). 

Similar results have been reported by others, de- 
spite differences in protocols. Reiz et al. (48) used the 
Ganz catheter in investigations of unpremedicated 
patients with coronary disease having aortic or iliac 
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arterial operations. Induction included 70% nitrous 
oxide; subsequently “ventilation and Fio, were ad- 
justed to maintain oxygen and carbon dioxide ten- 
sions at preanesthetic levels.” With 1% isoflurane they 
documented decreased coronary perfusion pressure 
(35%) from systemic vasodilation and reduced cardiac 
performance. Coronary sinus blood flow did not 
change; thus CVR decreased 26%. Despite a decrease 
in MVo, ST depression or T wave inversion devel- 
oped in ten of 21 patients, suggesting regional is- 
chemia. Because these ECG changes reverted on dis- 
continuing the agent, ischemia presumably was due 
to reduced perfusing pressure, coronary flow redis- 
tribution (coronary steal), or both. The protocol of 
Reiz et al. (48) differed from ours in that our subjects 
were heavily premedicated, fully B-blocked, and re- 
ceived an Flo, of 1.0 during anesthesia. However, 
both studies documented myocardial ischemia. In an 
additional 13 patients with coronary disease, Reiz et 
al. studied 1.5 MAC isoflurane, given with 70% ni- 
trous oxide for 45 min (49). Decreases in MAP (45%), 
SVR (40%), and CI (17%) were found. Coronary vas- 
cular resistance also decreased, and 7 patients had 
changes in ST segments. This study differed from that 
of Moffitt et al. (23) in its greater depth and duration 
of anesthesia and use of a lower Fio, plus nitrous 
oxide. Myocardial lactate production (ischemia) also 
occurred after sternotomy in three of ten patients 
studied by Larsen et al. (15) during isoflurane—nitrous 
oxide anesthesia. Mean arterial pressure and CI de- 
creased along with MVO, but CSBF returned to the 
awake level after sternotomy. 

These studies show that isoflurane, when admin- 
istered by the same investigators under similar ex- 
perimental conditions as halothane and enflurane, is 
consistently associated with a higher incidence of re- 
gional myocardial ischemia. 


Morphine 

Although morphine is not now widely used as a major 
anesthetic agent, the effects of a 1 mg/kg dose are 
informative because of the positive findings (36). Mean 
arterial pressure decreased 27% despite a slow in- 
duction but returned to the awake level on intubation. 
This decrease in perfusion pressure resulted in an 18% 
reduction in coronary blood flow, but was associated 
with greater reduction in MVO» (40%) and increase in 
CSO, (25%). Morphine, like other anesthetics, de- 
creased myocardial oxygen demand more than oxy- 
gen supply. At sternotomy, CI, MAP, and SWI were 
at awake levels with no reduction in CSBF and MV ©». 
Coronary sinus lactate content increased after ster- 
notomy, and MLE decreased markedly, with two of 
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six hearts showing lactate production (ischemia). This 
occurred without changes in ST segments on the ECG 
(Vs), indicating that dbsence of ECG changes may not 
be assurance of adequate myocardial oxygenation. The 
ischemia after sternotomy upon increase in heart rate 
in the absence of depression of Cl and MAP contrasts 
with the absence of ischemia during intubation using 
halothane when MAP and heart rate increased but 
with no change in CI (36). One explanation for this 
difference may be that by the time of sternotomy, 
significant surgical stress was also present. Similarly 
Kistner et al. (14) noted that elevations in heart rate 
and blood pressure occurred frequently after ster- 
notomy, accompanied by changes in ST segments in 
patients who received morphine (2.1 mg/kg) for in- 
duction. It appears that 1-2 mg/kg of intravenous 
morphine as the sole anesthetic is unable to effectively 
control autonomic stimulation or depress cardiac work 
and MVO: during surgical stimulation. 


Fentanyl 


In our -blocked patients (mean propranolol dose 163 
mg/day, heart rate 62 beats/min) given 75 mg/kg of 
fentanyl, no change in heart rate occurred after 0.1 
mg/kg of pancuronium or after intubation (34). In fact 
the heart rate was decreased at sternotomy. Mean 
arterial pressure remained unchanged throughout, as 
decreased CI was countered by elevated SVR; PCW 
pressure and SWI remained below awake levels. 
Coronary sinus blood flow did not change before by- 
pass, and elevated CSo, at induction lasted only 
through intubation. Fentanyl produced the least change 
in arterial and CS lactate content, but one myocar- 
dium showed lactate production after induction and 
one other before sternotomy without ECG changes. 
Although group hemodynamic responses were as 
shown (Figs. 1,2), two patients became hypertensive 
after the poststernotomy study and required vaso- 
dilation. Two others were removed from the study 
because they required continued vasodilation for hy- 
pertension, beginning before sternotomy. High-dose 
fentanyl with a maintenance infusion (total mean dose 
109 pg/kg) did not dependably abolish autonomic 
stimulation. This inability to maintain a hypodynamic 
response to surgical stimulation in patients with good 
ventricular function has been reviewed by others and 
is similar to the experiences with morphine. 
Skourtis et al. (58) reported on ten CABG patients 
studied with the Baim coronary sinus catheter (1). 
Using “high-dose fentanyl” of unstated dose with 
oxygen, they saw no change in CI, CSBF, heart rate, 
or MVoz. Systemic arterial pressure decreased after 
intubation but returned to awake level after sterno- 
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tomy as SVR increased. Although CSO, decreased at 
both these times, they found no change in lactate 
extraction. In contrast, Sonntag et al. (59) gave high 
doses of fentanyl (mean total 127 ug/kg) to nine pa- 
tients for CABG and found incomplete anesthesia and 
myocardial ischemia. Mean arterial pressure de- 
creased with fentanyl, but it rose to awake levels with- 
out change in CI on sternotomy; CSBF and MVo, 
increased substantially after sternotomy, with seven 
of nine hearts producing lactate. Heart rate increased 
from 76 to 98 beats/min after sternotomy, suggesting 
incomplete B-blockade and insufficient depth of anes- 
thesia. Compared with these findings, the relative 
absence of anaerobic glycolysis with fentanyl found 


by Moffitt et al. (34) may have been due to heavier — 


premedication and complete -adrenergic blockade. 
Moffitt et al. also gave a large dose of fentanyl! (75 
g/kg) for induction before autonomic stimulation with 
a continued: infusion, whereas Sonntag et al. intu- 
bated after only 10 wg/kg, and then administered the 
larger dose. | 

A recent conclusion of Thomson and Putnins (65) 
was that pancuronium is contraindicated for induc- 
tion when given with fentanyl (50 ng/kg). They found 
that heart rate increased from 58 to 76 beats/min, 
rate—pressure product (RPP) also increased, and three 
of 12 patients developed ST segment depression. None 
of these occurred when metocurine or a metocu- 
rine—pancuronium mixture was given. Moffitt et al. 
have not seen either ischemia, as evidenced by ST 
change or by lactate production, or increases in heart 
rate or RPP when pancuronium (0.1 mg/kg) was given 
during induction in divided doses with 30 or 75 ug/kg 
fentanyl (see all figures). The lack of change in heart 
rate probably was due to a greater degree of B-blockade. 


Nitrous Oxide 


When a 50% concentration of nitrous oxide was added 
to anesthesia with halothane (39), enflurane, or fen- 
tanyl (33) in unstimulated CABG patients, hemody- 
namic depression occurred. Mean arterial pressure 
decreased, as did heart rate, CI, SVR, and CSBF. Mean 
lactate extraction diminished because CS lactate con- 
tent increased without change in arterial lactate levels. 
With nitrous oxide added to halothane and to en- 
flurane, these myocardia extracted more oxygen than 
without nitrous oxide, although one would expect 
less oxygen extraction with decreases in factors re- 
sponsible for MVO, e.g., heart rate, CI, MAP. At the 
same time, CS lactate content increased, suggesting 
anaerobic glycolysis distal to stenoses. This occurred 
without ECG signs of ischemia. 

Wilkinson et al. (66) reported on 26 CABG patients 
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anesthetized with 50% nitrous oxide and halothane 
or morphine (2 mg/kg), studied with the Ganz CS 
catheter (10). They found elevated MAP, SVR, and 
CI after sternotomy with morphine-N.O but not with 
halothane-N.2O. Ten of 14 halothane—-N,O and four 
of 12 morphine-N,O patients showed ST segment 
depression or lactate production before cardiopul- 
monary bypass. This higher incidencé of ischemia in 
halothane patients compared with our series may have 
been due to the presence of nitrous oxide. In contrast, 
patients anesthetized by Hilfiker et al. (12) with halo- 
thane—nitrous oxide showed a favorable myocardial 
oxygen balance. 


Fentanyl—Enflurane and Fentanyl—Halothane 
Combinations | 


Induction began with fentanyl (30 ug/kg) followed by 
enflurane (18) or halothane (25) to produce a 25% 
decrease in systolic pressure before intubation. The 
inhaled agent was then continued as necessary to 
maintain a steady controlled depression of blood pres- 
sure. Percentage of change in mean values from awake 
levels for these two studies in the same 12 hemody- 
namic and energy metabolic variables are depicted in 
Figures 5-8. 

The results with both combinations were so re- 
markably similar that they can be commented upon 
together. In fully -blocked patients, neither intuba- 
tion nor sternotomy changed heart rate. Mean arterial 
pressure was intentionally decreased (27%) on in- 
duction; neither intubation nor sternotomy increased 
MAP above the awake level. Systemic vascular re- 
sistance remained unchanged except for an increase 
with fentanyl—enflurane at sternotomy. Steady de- 
crease of CI from awake level accounted for the low- 
ered MAP, and PCW pressure showed essentially no 
change. With SWI consistently reduced, CSO- showed 
a large increase on induction and then gradually re- 
turned toward awake level before bypass. Coronary 
sinus blood flow decreased both after intubation and 
sternotomy, which also contributed to the consistent 
reduction in calculated MVo 2. Arterial and CS lactate 
increased before sternotomy; MLE for the group re- 
mained unchanged with one instance of lactate pro- 
duction after induction (fentanyl-enflurane) and one 
after intubation (fentanyl—halothane) 

Postoperative hypertension requiring vasodilators 
occurred in two patients after enflurane and in three 
after halothane, in contrast to virtually all patients 
becoming hypertensive after halothane or enflurane 
anesthesia. With heart rate kept at awake levels and 
MAP below normal by judicious use of the inhaled 
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O 


Figure 5. Percent changes from awake 
levels in heart rate, mean arterial pressure 0 
(MAP), and systemic vascular resistance 
(SVR) at four times before bypass during 
fentanyl~enflurane or fentanyl-halothane 
anesthesia (ten patients each). With no 
change in heart rate, MAP remained de- 
pressed. SVR increased only with fen- -30 
tanyl-enflurane after sternotomy. Signif- 
icant differences are indicated by +. 
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agent, myocardial oxygen balance was also preserved, 
and essentially no anaerobic metabolism occurred be- 
fore cardiopulmonary bypass. 


Coronary Blood Flow and Myocardial 
Oxygenation with Cardiac Drugs 


A variety of drugs with actions specific for the heart 
and circulation are regularly given during cardiac 
anesthesia. Although each is used for a necessary 
purpose, their effects on myocardial oxygen balance 
need consideration. Drugs of several classes have been 
investigated. 


B-Adrenergic Blocking Agent—Propranolol 

Are the effects of depressing cardiac output and heart 
rate detrimental when added to potent anesthetic 
agents? Propranolol (0.1 mg/kg) was given intrave- 
nously 45 min before induction to eight patients not 
previously B-blocked (22). No adverse hemodynamic 
effects were seen from the drug or from subsequent 
induction of anesthesia (morphine 1 mg/kg), com- 
pared with another group not given similar acute pre- 
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treatment (36). Sternotomy increased SVR but not heart 
rate or lactate extraction. The patients who were not 
pretreated with propranolol, but who received the 
same anesthetic regimen, had increases in MAP and 
heart rate after sternotomy, with two of six hearts 
producing lactate (36). Acute -blockade aided in 
avoiding ischemia after surgical stimulation without 
additional depression of pump function during mor- 
phine anesthesia. 


Positive Inotropic Agents 

In accomplishing the needed increase in pumping 
performance, does myocardial oxygen supply keep 
up with the increased need? . 


Calctum chloride. Three hours after CABG, nine pa- 
tients with low cardiac output had 1 g of intravenous 
CaCl, administered over 15 min (21). Cardiac index 
increased (1.76 — 1.99 Lmin™~1m~?) as did MAP 
(77 — 94 mm Hg), but no changes were seen in heart 
rate, SVR, CSBF, MVO, or lactate extraction. After 
myocardial revascularization, calcium chloride given 
slowly at this dose produced hemodynamic improve- 
ment without unbalancing myocardial oxygenation. 
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© Dobutamine. An infusion of dobutamine (mean 5.1 
+ 2.5 wgkg~'min~*) was given to seven patients 
shortly after. CABG for an average of 26 min (51). 
Cardiac index increased (1.64 — 2.29 L-min~4m~?) 
with heart rate increasing (70 — 87 beats/min). Mean 
arterial pressure was unchanged (85 — 90 mm Hg), 
whereas SVR decreased (2141 — 1708 dynessec-cm >). 
Coronary sinus blood flow increased (101 — 136 
ml/min) as did MVo, (8.2 > 10.6 ml/min) without 
change in MLE. Oxygen consumption was elevated 
as cardiac work became greater, but no evidence of 
ischemia was found. 


Digoxin. The myocardial metabolic cost of 0.5 mg 
intravenous digoxin was studied 1 day after CABG in 
seven patients who were progressing well (CI 3.17 + 
0.3 Lmin-~4m~?, MAP 89 + 10 mm Hg, heart rate 85 
+ 10 beats/min) (57). No changes occurred in hemo- 
dynamics or CSBF. Myocardial oxygen consumption 
increased (7.2 — 8.7 ml/min), but normal MLE con- 
tinued. This partial digitalizing dose had no adverse 
effects on myocardial oxygenation. 


Vasodilating Drugs 
When arterial pressure is reduced along with other 


hemodynamic effects, are cardiac work and MVo, 
similarly benefited? 
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Figure 6. Percent changes from awake 
levels in pulmonary capillary wedge pres- 
sure (PCWP), cardiac index, and stroke 
work index during anesthesia with fen- 
tanyl plus enflurane or halothane. The 
lower MAP seen in Figure 5 was with de- 
creases in cardiac index and no changes 
in PCWP. Stroke work index remained 
significantly reduced throughout. 


Nitroglycerin. In one study (53) eight patients were- 
given nitroglycerin (mean 2.1 wg-kg~ ‘min ~*) infused 
for 6 min after sternotomy. Systemic vascular resist- 
ance decreased (1931 — 1090 dynes-secccm™~*) as did 
MAP (106 — 72 mm Hg), with no change in heart rate 
or CI. MVo, decreased (10.8 — 6.9 ml/min) as CS0, 
content increased (6.3 — 7.7 ml%) with no change in 
CSBF, i.e., reduction in blood pressure was accom- 
panied by a decrease in O, consumption. In another 
study (38), seven patients, hypertensive both before 
induction and after sternotomy, had nitroglycerin in- 
fusions: mean 1 zg-kg~'smin~* when awake and 1.4 
ug-kg~ min~? during anesthesia. In the awake state, 
only a small MAP decrease occurred (108 —> 100 mm 
Hg), with reduction in CI (2.89 — 2.45 Lmin~14m~%), 
SWI (76.5 — 54.7 gm-m7*), and PCW pressure (14 — 10 
mm Hg). Heart rate increased (67 — 75 beats/min), 
as did SVR (1451 — 1613 dynes-seccm~°); MVO, and 
MLE were unchanged. During anesthesia MAP de- 
creased to normal (106 > 73 mm Hg), due to de- 
creases in SVR (1931 — 1168 dynesseccm™ °) and in 
PCW pressure (21 -> 12 mm Hg). MVo, decreased 
(8.7 > 5.7 ml/min), as CSO, content increased 
(6.3 — 7.4 mJ/dl); normal MLE continued. Nitroglyc- 
erin was more effective during anesthesia in returning 
the circulation to normal with beneficial reduction in 
myocardial oxygen need. 


ANESTH ANALG 
ANESTHESIA AND CORONARY ARTERY DISEASE P 405 
Fentanyl plus 
Enflurane 
LJ Halothane . 
CHANGES FROM AWAKE STATE # MEAN AWAKE LEVELS 
+ p<0.05 
0 
~ -10 
L20 a as 
mm -30 ml/min 
7) 
© -40 
-50 + + + + + 
© 0 + + 
Figure 7. Percent changes from awake ~ 40 
levels in coronary sinus blood flow (CSBF), & ie £ 
coronary sinus O, content (CSo), and W 39 
myocardial oxygen consumption (MVo) Z T + + a 
during anesthesia with fentanyl plus en- §& 20 
flurane or halothane. MVo, remained sig- z a 
nificantly reduced as CSBF decreasedand © 1 0 U | | A n, 
CSo, content increased. 2 0 
6.4 7.0 * 
midi 
0 12 mimin pe 
-10 
æ -20 
~ -30 
S 
= -40 l 
-50 Ţ 
-60 $ 2 + + + Fe 
AFTER AFTER BEFORE AFTER 
INDUCTION INTUBATION STERNOTOMY STERNOTOMY 
Nitroprusside. Nine CABG patients received an in- i , 
3 Drugs Affecting Coagulation 


fusion (mean 1.3 wg-kg~*min~') in their first hour in 
the intensive care unit (4). Mean arterial pressure de- 
creased (113 — 85 mm Hg), as did SVR (2397 — 1574 
dynes-seccm™°) without alteration in heart rate, CI, 
or CSBF. MVo2 and MLE also showed no change. 
Nitroprusside decreased blood pressure from sys- 
temic vascular dilation in patients awaking from en- 
flurane anesthesia, but oxygen consumption by the 
heart was not diminished. 


Morphine. Effects of morphine, mean intravenous 
dose of 18.6 mg, were investigated in 11 CABG pa- 
tients before induction of anesthesia (54). As SVR de- 
creased (1383 —> 1133 dynes-seccm™°) so did MAP 
(100 — 84 mm Hg) with no change in CI or heart rate. 
Coronary vascular resistance decreased (0.85 — 0.70 
dynes-seccm™*); thus CSO, content increased 
(5.6 — 7.0 ml/dl) with no change in CSBF. This com- 
monly given dose of morphine had a beneficial effect 
on arterial pressure and myocardial oxygenation. 


Protamine sulfate typifies an agent necessary for an- 
other reason (antiheparin) that has potential detri- 
mental cardiovascular effects. Nine CABG patients 
with good ventricular function were studied imme- 
diately after cardiopulmonary bypass (55), before drug 
administration, and 10 min after administration of 
protamine (mean 2.5 mg/kg in 3-6 min). No adverse 
hemodynamic effects were seen in these stable pa- 
tients (MAP 84— 82 mm Hg, CI 2.25 — 2.06 
Lmin~4m~?, SVR 1438 — 1597 dynesseccm~°). There 
were no alterations in CSBF, MVO, or MLE. The same 
study was also done in 11 patients who needed pos- 
itive inotropic or vasopressor therapy during termi- 
nation of bypass (56), i.e., who had been less stable 
hemodynamically. From the same circulatory state be- 
fore protamine as the first group, the same protamine 
dose caused a significant fall in CI (2.35 —> 2.04 
Lmin~*m~*), whereas all other variables, including 
myocardial oxygenation, were unaffected. Protamine 
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given rapidly can cause myocardial depression in the 
presence of unstable pumping function. 


Principles of Anesthesia Arising from 
this Evidence 


Our studies combined with those of other investi- 
gators support the previously stated thesis and the 
soundness of commonly practiced low pressure—low 
demand anesthesia (17). With regions of compro- 
mised myocardial oxygenation, avoidance of anaer- 
obic metabolism (ischemia) during anesthesia re- 
- quires continued suppression of factors increasing 
oxygen need. Cardiac work and MVoz should be kept 
at or below that of the sedated awake state by starting 
with and keeping heart rate slow (60-70 beats/min), 
and by starting with and keeping arterial pressure 
during operation at or below the awake baseline level. 
Responses of the heart and circulation to anesthetic 
and surgical stimulation should be controlled while 
maintaining adequate coronary perfusing pressure (20). 
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No Agent Given Alone is Ideal 


None of the five agents studied proved to be com- 
pletely satisfactory when given alone. Enflurane and 
halothane with oxygen, administered in concentra- 
tions aimed at preventing hyperdynamic autonomic 
response, accomplished this goal with no evidence of 
global oxygen imbalance of the left ventricle. The 
problem with these inhaled agents was rapid devel- 
opment of hypertension on early awaking with its 
associated risks. High-dose fentanyl did not uni- 
formly obtund the autonomic system but instead was 
associated with unpredictable episodes of hyperten- 
sion on surgical stimulation, particularly in younger 
patients with good ventricular function (ejection frac- 
tion > 0.50). However, after a mean dose of 109 pg/kg 
fentanyl, little postoperative hypertension occurred. 
Retrospectively, the earliest (1979-80) study of Moffitt 
et al. (36) used an insufficient dose of morphine in 
incompletely 6-blocked patients. The study did doc- 
ument that anaerobic oxygen metabolism can occur 
when blood pressure, heart rate, and cardiac work 
are not depressed at sternotomy. 
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Isoflurane—oxygen can also be given to maintain 
controlled depression of cardiac output and blood 
pressure. Four separate studies (15,23,48,49) raise 
questions related to its ability to dilate normal coro- 
nary vessels. Moffitt et al. found a significant decrease 
in total coronary vascular resistance on induction with 
isoflurane-oxygen only (23). Blood pressure de- 
creased 33%, but coronary flow did not decrease sig- 
nificantly; the coronary bed dilated and maintained 
flow in spite of the lowered pressure. Also suggesting 
dilation of large portions of the coronary bed were 
the large increases in oxygen content of the coronary 
venous blood on induction that persisted through 
sternotomy, a phenomenon seen only with this agent. 
However, on induction, myocardial ischemia oc- 
curred in 30% of hearts (lactate production); mean 
extraction in the group decreased from 15 to 6%. Reiz 
et al. (48,49) and Larsen et al. (15) found myocardial 
ischemia in 48, 46, and 30% of their patient groups. 
These observations support the theory that diversion 
of coronary flow away from ischemic beds may occur 
with isoflurane in a dose-related fashion, to enhance 
flow through normal vessels that can dilate, with overall 
occurrence of regional myocardial ischemia. Based on 
this evidence, we presently cannot recommend the 
use of isoflurane in patients with coronary disease, 
particularly in combination with nitrous oxide. Effects 
of moderate doses of fentanyl with isoflurane and 
oxygen, given in the same manner as halothane (25) 
and enflurane (18), have yet to be elucidated. 

When nitrous oxide was added to three commonly 
used agents, hemodynamic depression with a tran- 
sition toward ischemia occurred, convincing us that 
there are real risks associated with its use (33,39). 
These patients were not being surgically stimulated 
and were adequately B-blocked at the time of study. 
In addition, insidious ischemia occurred unaccom- 
panied by ECG changes. Thus we believe that CABG 
patients should not be exposed to this risk when it 
can be avoided by giving only oxygen with a potent 
anesthetic drug. 


Maintaining a Hypodynamic Circulation 

until Operation 

Another principle of preserving myocardial oxygen- 
ation in coronary patients is to attenuate the hemo- 
dynamic response to endogenous catecholamines by 
continuing B-adrenergic blockade until operation. This 
was shown in the study of Moffitt et al. in which 7-8 
mg of propranolol were given intravenously 45 min 
before induction to eight patients who were not on 
previous -blocker therapy (22). No adverse hemo- 
dynamic effects were seen when compared with an- 
other group of patients not similarly treated (36). In 
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the pretreated patients (22), during anesthesia with 1 
mg/kg of morphine, sternotomy produced increased 
SVR but no heart rate change or lactate production. 
The patients not pretreated who were receiving the 
same anesthetic had increased MAP and heart rate 
after sternotomy, with two of six hearts producing 
lactate (36). | 

The regular absence of hypertension and low MVO, 
on arrival in the operating room in patients studied 
by Moffitt et al. is good evidence of the benefits of . 
heavy premedication. In contrast, unpremedicated 
patients have higher heart rate and blood pressure 
with increase in basal MVo, on arrival in the operating 
room (48). The effects of continuing full calcium entry 
blockade until the day of operation have not been 
studied by us, but the consistent presence of a hy- 
podynamic circulation before and during prebypass 
anesthesia in our study patients confirms the cor- 
rectness of that practice. 


Monitoring Myocardial Oxygenation 

The ideal method of simple monitoring for sensitive, 
early identification of myocardial ischemia is not avail- 
able. There was hope from reports on awake patients 
(2,41) and from one study during anesthesia (67) that 
the product of heart rate and systolic blood pressure 
(rate~pressure product) would be a simple, useful in- 
dicator. But no correlation was subsequently found 
between RPP and MVO, either before or during anes- 
thesia in CABG patients (37). Moffitt et al. also have 
not consistently seen ST segment or T wave changes 
when lactate production signalled ischemia. Elevation 
of heart rate and blood pressure taken together as a 
product does not precisely parallel MVo, during anes- 
thesia, probably because increases in heart rate and 
systolic pressure have separate effects on MVO, (3). 
However, we believe that these two simple measure- 
ments watched separately may be the best available 
indirect indicators of oxygen balance. Multiple studies 
reviewed here show that when the heart rate is kept 
slow and the systolic blood pressure at or slightly 
below normal, myocardial oxygenation is preserved. 
Nevertheless, the ECG (Vs) should be monitored con- 
tinuously along with PCW pressure and cardiac out- 
put, if possible, although the latter relates to cardiac 
function and not directly to oxygen balance. 


The Best Technique: Optate—Inhaled 
Agent Combination 


Contrary to the diverse effects of individual agents 
on the circulation and myocardial oxygen supply, the 
effects of combining an opiate (fentanyl) with a potent 
inhaled agent (halothane or enflurane) in patients with 


good ventricular function closely approach the in- 
tended and ideal performance (18,25). Smooth 
depression of blood pressure was maintained in the 
presence of adequate B-adrenergic blockade. Cardiac 
index remained 20-30% below that of the awake state, 
with little change in systemic resistance. There were 
no major hemodynamic differences between the two 
inhaled agents enflurane and halothane (Figs. 5 and 
6). 

After the initial moderate dose of fentanyl, deep- 
ening the anesthetic state by reducing systolic arterial 
pressure by 25% for 10 min with the inhaled agent 
resulted in no heart rate or blood pressure response 
to intubation. Decreases in blood pressure on induc- 
tion were beneficial because cardiac work and MVO» 
showed large decreases; in general no ischemia oc- 
curred. Autonomic responses to sternotomy were 
controlled because the anesthetic state was deepened 
prior to stimulation. Stroke work remained 25-40% 
below awake values after sternotomy, with cardiac 
index and blood pressure remaining decreased. Heart 
rate remained slow from prior B-adrenergic blockade 
and from fentanyl. With decreased cardiac work, more 
oxygen remained in coronary venous blood even 
though coronary flow was below normal. Coronary 
dilation from tissue oxygen need with higher result- 
ing coronary flow was not present. Calculated myo- 
cardial oxygen consumption was as much as 50% 
below awake level. Tissue ischemia before cardio- 
pulmonary bypass was absent because normal myo- 
cardial lactate extraction continued in all but two 
isolated instances. Effects of fentanyl lasted into the 
postoperative hours with few patients needing anti- 
hypertensive treatment. 

The combined opiate—inhaled agent technique re- 
tains a hypodynamic circulation with preservation of 
myocardial oxygenation. After the basal opiate ef- 
fects, the aim is to give the inhaled agent in order to 
anticipate stimulation and prevent autonomic re- 
sponse. The ideal, smooth hemodynamic depression 
is aimed for and attained. Another virtue of the com- 
bination is that if hemodynamics become depressed 
due to anesthetic or surgical reasons, cessation of the 
inhaled agent lightens the anesthetic level, improving 
cardiac output and systemic vascular reactivity. The 
technique allows a finely tuned control of the 
circulation. 

If autonomic stimulation does break through un- 
expectedly, blood pressure can be reduced to an ac- 
ceptable level by intravenous nitroglycerin (53). When 
used after sternotomy, it reduces arterial pressure, 
systemic resistance, and hence MVo2 much more ef- 
fectively than in the same patients when awake (38). 
Conversely, nitroprusside given for hypertension in 
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the first postoperative hour reduces blood pressure 
satisfactorily by vasodilation, but does not decrease 
myocardial oxygen consumption (4). In patients with 
severe cardiac disability who develop inadequate 
pumping performance, dobutamine (51) by intrave- 
nous infusion or calcium chloride (21) can be given 
without elevating myocardial oxygen consumption 
more than oxygen supply. 


Practices Supported by this Evidence 


All investigations on myocardial oxygen balance in 
patients with coronary artery disease under anes- 
thesia, with the exception of one by Reiz et al. (47), 
have been conducted only in patients with good ven- 
tricular function. Thus clinical practices suggested by 
this review apply only to this select patient subset. 
There are no data on patients with myocardial failure. 
In addition, the majority of patients studied by dif- 
ferent investigators appear to be relatively young sub- 
jects. Accordingly, clinical practices based on this re- 
view may not apply directly to elderly patients. 

The cardinal aim in anesthetizing patients with 
coronary lesions but with adequate pumping function 
is to start with and maintain a slightly depressed 
circulation. 


An effective regimen of B-adrenergic and calcium 
entry blockage that keeps the circulation hypo- 
dynamic should be continued until the day of 
operation. If effective B-blockade is not present 
before induction, intravenous propranolol can 
be given to slow the heart rate. 


Heavy premedication is needed to avoid hyperten- 
sion from apprehension. Additional intravenous 
sedation is indicated before inserting monitoring 
catheters if the patient is not drowsy and re- 
laxed. Unpremedicated patients show increased 
heart rate, MAP, and MVo2 when compared with 
well-sedated patients (48). 


Induction with a moderate dose of intravenous fen- 
tanyl is fast and smooth, and should be followed 
by a potent inhaled agent (halothane or enflur- 
ane) before intubation to prevent autonomic re- 
sponses (18,25). 

Arterial pressure can be maintained at or slightly 
below normal by the potent inhaled agent in 
order to anticipate and prevent hemodynamic 
response to surgical stimulation. 


Nitrous oxide is not necessary for anesthetic pur- 
poses and involves an insidious risk of myo- 
cardial ischemia not always identified by the ECG 
(33,39). 


ANESTHESIA AND CORONARY ARTERY DISEASE 


Isoflurane given alone should be avoided in coro- 
nary patients because of its capacity to dilate 
normal segments of the coronary vascular bed 
in patients with coronary artery disease with the 
consequent occurrence of regional myocardial 
ischemia (15,23,48,49). 

Judicious administration of intravenous nitroglyc- 
erin can help to keep blood pressure at desired 


depressed level while reducing cardiac work, 
MVo- and ST segment changes (38,53). 


Positive inotropy for failing ventricles can be ef- 
fectively produced by dobutamine infusion (51) 
or by intravenous calcium chloride (21) given 
slowly, without upsetting myocardial oxygen 
balance. 


Regarding monitoring during anesthesia, the blood 
pressure (kept at or below baseline) and the heart 
rate (kept < 70 beats/min) are simple and reliable 
means of preserving myocardial oxygen balance 
distal to coronary lesions. 


References 


1. 


10. 


11. 


12. 


. Gain EA. Anaesthetic experiences using extracorpo 


Baim DS, Rothman MT, Harrison DC. Improved catheter for 
regional coronary sinus flow and metabolic studies. Am J Car- 
diol 1980;46:997—1000. 


. Baller D, Schenk H, Strauer BE, Hellige G. Comparison of 


myocardial oxygen consumption indices in man. Clin Cardiol 
1980;3:116~22. 


. Barash PG, Kopriva CJ. The rate—pressure product in clinical 


anesthesia. Boon or bane? Anesth Analg 1980;59:229-31. 


. Barker RA, Moffitt EA, Imrie DD, et al. Haemodynamic and 


myocardial metabolic effects of nitroprusside given postoper- 
atively to coronary patients (abstr), Canad Anaesth Soc J 
1985;32:S85. 


. Bastard OG, Carter JG, Moyers JR, Bross BA. Circulatory effects 


of isoflurane in patients with ischemic heart disease: a com- 
parison with halothane. Anesth Analg 1984;63:635—9. 


. Bourgeois~Gavardin M, Fabian L, Sealey WC, Brown IW, Ste- 


phen CR. Management of anesthesia and hypothermia for open 
heart surgery with extracorporeal circulation. Anesth Analg 
1958;37:197~2106. 


. Delaney TJ, Kistner JR, Lake CL, Miller ED. Myocardial func- 


tion during halothane and enflurane anesthesia in patients with 
coronary disease. Anesth Analg 1980;59:240—-4. 


. de Lange S, Buscoe MJ, Stanley TH, Pace N. Comparison of 


sufentanil-O, and fentanil-O, for coronary artery surgery. 
Anesthesiology 1982;56:112-8. 

real circu- 
lation for open heart surgery. Can Anaesth Soc J 1957;4:419-27. 
Ganz W, Tamura K, Marcus HS, Donoso R, Yoshida 5, Swan 
HJC. Measurement of coronary sinus blood flow by continuous 
thermodilution in man. Circulation 1971;44:181-95. 

Gray RJ, Harris WS, Shah PK, Miyamoto ATM, Matloff JM, 
Swan HJC. Coronary sinus blood flow and sampling for de- 
tection of unrecognised myocardial ischemia and injury. Cir- 
culation Suppl Cardiovascular Surg 1977;56:II-58-61. 


Hilfiker O, Larsen R, Sonntag H. Myocardial blood flow and 


13. 


14. 


15. 


17. 


18. 


24. 


26. 


28. 


31. 


32. 


ANESTH ANALG 
1986;65:395 410 


oxygen consumption during halothane—nitrous oxide anaes- 
thesia for coronary revascularization. Br J Anaesth 1983;55:927-32. 


Keats AS, Kurosu Y, Telford J, Cooley DA. Anesthetic prob- 
lems in cardiopulmonary bypass for open heart surgery: ex- 
perience with 200 patients. Anesthesiology 1958;19:501—14. 
Kistner JB, Miller ED, Lake CL, Ross WT. Indices of myocardial 
oxygenation during coronary artery revascularization in man 
with morphine versus halothane anesthesia. Anesthesiology 
1979;50:324—30. 

Larsen R, Hilfiker O, Merkel G, Sonntag H, Drobnik L. Myo- 
cardial oxygen balance during enflurane and isoflurane anes- 


thesia for coronary artery surgery (abstr). Anesthesiology 
1984;61:A4. 


. Lowenstein E, Hallowell P, Levine FH, Daggett WM, Austen 


WG, Laver MB. Cardiovascular response to large doses of in- 
travenous morphine in man. N Engl J Med 1969;281:1389-93. 


Lowenstein E, Hill RD, Rajagopalan B, Schneider RC. Winnie 
the Pooh revisited, or, more recent adventures of Piglet. (Ed- 
itorial). Anesthesiology 1982;56:81-3. 

Mcintyre AJ, Moffitt EA, Barker RA, et al Myocardial metab- 
olism and hemodynamic responses with fentanylenflurane 
anesthesia in coronary patients. Anesth Analg 1986;65:46—52. 


. Mendelsohn D, Mackrell TN, MacLachlan MA, Cross FS, Kay 


EB. Experiences using the pump-oxygenator for open cardiac 
surgery in man. Anesthesiology 1957;18:223-35. 


. Merin RG. Is anesthesia beneficial for the ischemic heart? (Ed- 


itorial.) Anesthesiology 1980;53:439—40. 


. Moffitt E, Sethna D, Gray R, Matloff J, Conklin C, Bussell J. 


Effects of calcium on the coronary and systemic circulation in 
patients after coronary surgery. Can Anaesth Soc J 1982;29:313-8. 


. Moffitt E, Sethna D, Bussell J, Raymond M, Matloff J, Gray R. 


Hemodynamics and myocardial metabolism after acute B-ad- 
renergic blockade in coronary patients. Anesth Analg 
1984;63:540-1. 


. Moffitt EA, Barker RA, Glenn JJ, et al. Myocardial metabolism 


and hemodynamic responses with isoflurane anesthesia for’ 
coronary artery surgery. Anesth Analg 1986;65:53-61. 

Moffitt EA, Imrie DD, Scovil JE, et al. Myocardial metabolism 
and haemodynamic responses with enflurane anaesthesia for 
coronary artery surgery. Can Anaesth Soc J 1984;31:604-10. 


. Moffitt EA, McIntyre AJ, Glenn JJ, et al. Myocardial metabolism 


and haemodynamic responses with fentanyl—halothane anaes- 
thesia for coronary patients (abstr). Can Anaesth Soc J 
1985;32:S86. 


Moffitt EA, Molnar GH, McGoon DC. Myocardial and body 
metabolism in fatal cardiogenic shock after valvular replace- 
ment. Circulation 1971;44:237-44. 


. Moffitt EA, Patrick RT, Swan HJC, Donald DE. A study of 


blood flow, venous blood oxygen saturation, blood pressure 
and peripheral resistance during total body pernio: Anes- 
thesiology 1959;20:18--26. 


Moffitt EA, Rosevear W, Lundborg RO, Frye RL. TETT 
metabolism in adults with heart disease. Anesth Analg 
1970;49:942-7. 


. Moffitt EA, Rosevear JW, McGoon DC. Myocardial metabSlism 


during and after mitral valve replacement. Ann Thorac Surg 
1970;10:169-—79, 


. Moffitt EA, Rosevear JW, McGoon DC. Myocardial metabolism 


in children having open-heart surgery. JAMA 1970;211:1518~24. 


Moffitt EA, Rosevear JW, Tarhan 5, McGoon DC. Myocardial 
metabolism during and after double valve replacement. Can 
Anaesth Soc J 1971;18:33—50. 


Moffitt EA, Rosevear JW, Townsend CH, McGoon DC. Myo- 
cardial metabolism in patients having aortic-valve replacement. 
Anesthesiology 1969;31:310—20. 


410 


37. 


ANESTH ANALG 
1986;65:395—410 


. Moffitt EA, Scovil JE, Barker RA, et al. The effects of nitrous 


oxide on myocardial metabolism and hemodynamics during 
fentanyl or enflurane anesthesia in patients with coronary dis- 
ease. Anesth Analg 1984;63:1071-5. 


. Moffitt EA, Scovil JE, Barker RA, et al. Myocardial metabolism 


and haemodynamic responses during high-dose fentanyl an- 
aesthesia for coronary patients. Can Anaesth Soc J 1984;31:611-8. 


. Moffitt EA, Sethna DH, Bussell JA, Raymond M, Matloff J, 


Gray RJ. Effects of intubation on coronary flow and myocardial 
oxygenation. Can Anaesth Soc J 1985;32:105~11. 


. Moffitt EA, Sethna DH, Bussell JA, Raymond M, Matloff JM, 


Gray RJ. Myocardial metabolism and hemodynamic responses 
to halothane or morphine anesthesia for coronary artery sur- 
gery. Anesth Analg 1982;61:979-85. 

Moffitt EA, Sethna DH, Gray RJ, DeRobertis M, Matloff JM, 
Bussell JA. Rate—pressure product correlates poorly with myo- 
cardial oxygen consumption during anaesthesia in coronary 
patients. Can Anaesth Soc J 1984;31:5-12. 


. Moffitt EA, Sethna DH, Gray RJ, Raymond MJ, Bussell JA, 


Matioff JM. Myocardial and systemic effects of nitroglycerin, 
given awake and during anaesthesia in coronary patients. Can 
Anaesth Soc J 1983;30:352-9. 


. Moffitt EA, Sethna DH, Gray RJ, Raymond MJ, Matloff JM, 


Bussell JA. Nitrous oxide added to halothane reduces coronary 


flow and myocardial oxygen consumption in patients with 


41. 


. Rau G. Messun 


coronary disease. Can Anaesth Soc J 1983;30:5-9. 


. Moffitt EA, Theye RA. Management of anaesthesia, perfusion 


and supportive care during intracardiac operations and 
extracorporeal circulation. Br J Anaesth 1959;31:411—5. 
Nelson RR, Gobel FL, Jorgensen CR, Wang K, Wang Y, Taylor 
HL. Hemodynamic predictors of myocardial oxygen consump- 
tion during static and dynamic exercise. Circulation 
1974;50:1179_89. 


. Norlander O, Pitzele $, Edling I, Norberg B, Crafoord O, Sen- 


ning A. Anaesthesiological experience from intracardiac sur- 
gery with the Crafoord—Senning heart-lung machine. Acta An- 
aesthesiol Scand 1958;2:181~-210. 


. Patrick RT, Theye RA, Moffitt EA. Studies in extracorporeal 


circulation. V: Anesthesia and supportive care during intra- 
cardiac surgery with the Gibbon-type pump-oxygenator. Anes- 
thesiology 1957;18:673—85. 


. Rao TLK, Jacobs KH, El-Etr AA. Reinfarction following anes- 


thesia in patients with myocardial infarction. Anesthesiology 
1983;59:499-—505. 
me der coronardurch Blutung mit der Argon- 


fremidgs-meth Arch Kreislaufforch 1969;58:322-98. 


. Reiz S, Balfors E, Friedman A, Haggmark S, Peter T. Effects 


of thiopentone on cardiac performance, coronary hemody- 
namics and myocardial oxygen consumption in chronic is- 
chaemic heart.disease. Acta Anaesthesiol Scand 1981;25:103—10. 


. Reiz S, Balfors E, Gustavsson B, et al. Effects of halothane on 


coronary haemodynamics and myocardial metabolism in pa- 
tients with ischaemic heart disease and heart failure. Acta An- 
aesthesiol Scand 1982;26:133-8. 


. Reiz S, Balfors E, Sorenson MB, Ariola S, Friedman A, Trueds- 


son H. Isoflurane—a powerful coronary vasodilator in patients 
with coronary artery disease. Anesthesiology 1983;59:91-7. 


. Reiz $, Ostman M. Regional coronary hemodynamics during 


isoflurane—nitrous oxide in patients with ischemic heart dis- 
ease. Anesth Analg 1985;64:570-6. 


51. 


52. 


56, 


MOFFITT AND SETHNA 


. Rvdvall A, Haggmark S, Nyhman H, Reiz S. Effects of enfiur- 


ane on coronary haemodynamics in patients with ischaemic 
heart disease. Acta Anaesthesiol Scand 1984;28:690-5. 

Sethna DH, Gray RJ, Moffitt EA, et al. Dobutamine and cardiac 
oxygen balance in patients folowing myocardial revasculari- 
zation. Anesth Analg 1982;61:917-20. 


Sethna DH, Moffitt EA. An appreciation of the coronary cir- 
culation. Anesth Analg 1986;65:000—00. 


. Sethna DH, Moffitt EA, Gray RJ, Bussell JA, Raymond M), 


Matloff JM. Intravenous nitroglycerin and myocardial metab- 
olism during anesthesia in patients undergoing myocardial re- 
vascularization. Anesth Analg 1982;61:828—33. 


. Sethna DH, Moffitt EA, Gray RJ, et al. Cardiovascular effects 


of morphine in patients with coronary arterial disease. Anesth 
Analg 1982;61:109-14. 


. Sethna DH, Moffitt EA, Gray RJ, et al. Effects of protamine 


sulfate on myocardial oxygen supply and demand in patients 
following cardiopulmonary bypass. Anesth Analg 
1982;61:247-51. £ 

Sethna S5, Gray R, Bussell J, Raymond M, Matloff J, Moffitt E. 
Further studies on the myocardial metabolic effects of prot- 
amine sulfate following cardiopulmonary bypass. Anesth An- 


_ alg 1982;61:476--7. 


aye 


61. 


Sethna S, Moffitt E, Gray R, et al. Effects of digoxin on myo- 
cardial oxygen supply and demand in patients following coro- 
nary artery bypass surgery. Anesthesiology 1982;56:356.9. 


. Skourtis CT, Nissen M, McGinnis LA, et al. The effect of high- 


dose fentanyl on cardiac metabolic balance and coronary cir- 
culation in patients undergoing coronary artery surgery (abstr). 
Anesthesiology 1984;61:A6. 


. Sonntag H, Larsen R, Hilfiker O, Kettler D, Brockschneider B. 


Myocardial blood flow and oxygen consumption during high- 
dose fentanyl anesthesia in patients with coronary disease. 
Anesthesiology 1982;56:417—22. 


. Sonntag H, Merin RG, Donath U, Radke }, Schenk H-D. Myo- 


cardial metabolism and oxygenation in man awake and during 
halothane anesthesia. Anesthesiology 1979;51:204--10. 


Stanley TH, Webster LR. Anesthesia requirements and car- 
diovascular effects of paren RA arid fentanyl- 
diazepam-—oxygen in man. Anesth Analg 1978;57:411-6. 


62. Steen PA, Tinker JH, Tarhan S. Myocardial reinfarction after 


anesthesia and surgery. JAMA 1978;239:2566-70. 


63. Swan HJ, Ganz W, Forrester JS, et al. Catheterization of the 


heart in man with use of a flow-directed, balloon-tipped cath- 
eter. N Engl J Med 1970;283:447-51. 


64. Tarhan S, Moffitt EA, Taylor WF, Guiliani ER. Myocardial in- 


farction after general anesthesia. JAMA 1972;220:1451-4. 


65. Thomson JR, Putnins CL. Adverse effects of pancuronium dur- 


67. 


ing high-dose fentanyl anesthesia for coronary artery bypass 
grafting. Anesthesiology 1985;62:708-13. 


. Wilkinson PL, Hamilton WK, Moyers JR, et al. Halothane “gid 


morphine—nitrous oxide anesthesia in patients undergoing 
coronary artery bypass operation. J Thorac Cardiovasc Surg 
1981 ;82:372-82. 


Wilkinson PL, Moyers JR, Ports T, Chatterjee K, Ullyott D, 
Hamilton WK. Rate—pressure product and myocardial oxygen 


consumption during surgery for coronary artery bypass. Cir- 
culation Suppl Cardiovasc Surg 1979;60:1-170-3. 


Clinical Reports 


ANESTH AN 411 
1986;65:411-3 


Midtracheal Obstruction after Harrington Rod Placement in a 


Patient with Marfan’s Syndrome 


Robert B. Mesrobian, MD, and Jerry L. Epps, MD 





Marfan’s syndrome and its constellation of findings 
present several problems for anesthesiologists (1-3). 
We encountered a youth with this syndrome who 
developed a life-threatening tracheal obstruction—a 
previously unreported complication of Harrington rod 
placement (4,5). 


Case Report 


A 16-yr-old. male underwent posterior spinal fusion 
and Harrington rod placement for correction of severe 
scoliosis. He exhibited Marfan’s syndrome mani- 
fested by arachnodactyly, ectopia lentis, mitral valve 
prolapse, ascending aortic arch dilation, pectus ex- 
cavatum, and scoliosis. Preoperative pulmonary func- 
tion tests revealed a forced vital capacity (FVC) of 2.5 
L (56% of predicted), a forced expired volume in 1 
sec (FEV1) of 1.71 L (40% of predicted), and an 
~ FEVI/FVC ratio of 66% consistent with a mild obstruc- 
tive ventilatory defect. His arterial blood gas levels 
while breathing room air included a pH of 7.41, Pao 
of 108 mm Hg, and Paco, of 35 mm Hg. 

After premedication with diazepam, 10 mg orally, 
radial artery cannulation and insertion of a central 
venous catheter were performed. General anesthesia 
was induced with 250 mg thiopental, followed by 80 
mg succinylcholine intravenously. Tracheal intuba- 
tion was accomplished without difficulty. Anesthesia 
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was maintained with fentanyl-pancuronium-nitrous 
oxide—oxygen. 

The patient was in the prone position with his chest 
supported by two lateral rolls. Controlled respiration 
required peak airway pressures exceeding 50 cm H20, 
and even they produced minimal chest excursion. There 
were no apparent physical or mechanical problems. 
Readjusting the lateral chest rolls to support the lower 
thorax resulted in return of peak airway pressure to 
20 cm H,O. Because a reinforced endotracheal tube 
was not used, it was assumed prior positioning had 
resulted in kinking of the endotracheal tube. The re- 
mainder of the operation proceeded uneventfully. At 
the end of the operation, the patient was turned to 
the supine position. While breathing spontaneously, 
the respirations became labored with increased in- 
spiratory effort. Attempts at assisted ventilation met 
with marked resistance to positive pressure. Sus- 
pecting an obstructed endotracheal tube, we extu- 
bated the patient (the lumen of the tube was patent) 
and attempted mask ventilation with minimal suc- 
cess. Direct laryngoscopy was then performed. The 
glottis and vocal cords appeared normal. The trachea 
was rapidly reintubated and ventilation accomplished 
with ease. Peak airway pressure again averaged 20 
cm HO. 

In the recovery room, during intermittent man- 
datory ventilation, the patient developed bilateral rales, 
an S3 gallop, and hypoxemia while breathing 40% 
oxygen in air (Paoz decreased to 63 mm Hg from 200 
mm Hg). A chest radiograph at this time was con- 
sistent with the diagnosis of pulmonary edema. Treat- 
ment with 5 mg furosemide intravenously initiated a 
diuresis of greater than 3 L over the next 4 hr. Eight: 
hours after surgery, the patient, still intubated, was 
breathing comfortably through a T-piece with a res- 
piratory rate of 12 breaths/min. Bedside spirometry. 
revealed an FVC of 1.2 L with arterial blood gas values 
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(Flo, 0.4) of pH 7.5, Pao, 214 mm Hg, and Paco, 31 
mm Hg. The patient was extubated and did well for 
2 hr. He then developed tachycardia, stridor, and 
arterial hypoxemia (PaO, 48 mm Hg). Thiopental and 
succinylcholine were given and tracheal intubation 
performed under direct laryngoscopy. No glottic ab- 
normality or edema was noted. Immediately after in- 
tubation, attempts at ventilation met marked resist- 
ance consistent with an obstructed airway. Mask 
ventilation after subsequent suctioning and extuba- 
tion were also unsuccessful. Repeat laryngoscopy and 
intubation were again performed. Positive pressure 
ventilation was now successful without evidence of 
obstruction. 

Because of the documented episodes of apparent 
airway obstruction below the endotracheal tube or at 
its tip an extensive review of this patient's respiratory 
history was made. He informed us of a preference to 
sleep in the supine rather than the prone position 
preoperatively. A preoperative lateral chest radio- 
graph revealed lordosis of the thoracic spinal column 
with close approximation of the sternum and thoracic 


CLINICAL REPORTS 


Figure 1. Postoperative AP chest radio- 
graph. Note that the midtracheal air col- 
umn is absent. 


vertebrae at the level of the thoracic outlet. A post- 
operative anterior—posterior chest radiograph showed 
complete loss of the tracheal air column at the same 
level (Fig. 1). Two-dimensional cinematography re- 
vealec compression of the midtracheal air column be- 
tween the sternum and the first and second thoracic 
vertebrae. This compression was most marked with 
the patient in the prone position. Bronchoscopy, per- 
formed on the fifth postoperative day, revealed ro- 
tation of the midtrachea with the noncartilaginous 
portion located at the 9 o'clock position (6 o'clock 
normal), as well as marked anterioposterior narrow- 
ing. Prominent aortic pulsations were seen at the area 
of tracheal narrowing. After bronchoscopy on the fifth 
postoperative day, the patient was extubated and went 
on to an uneventful postoperative recovery. Postop- 
erative pulmonary function testing after removal of 
the patient’s body cast showed a return to baseline 
spirometric values. In addition, flow volume loops 
done in standing, prone, supine, and lateral decu- 
bitus positions showed decreased expiratory flow in 
the supine and prone positions. 


CLINICAL REPORTS 


Discussion 


Marfan’s syndrome, an autosomal dominant trait, is 
characterized by generalized connective tissue de- 
fects. Although the specific biochemical abnormality 
has yet to be identified, it results in a lack of tensile 
strength and increased elasticity of the connective tis- 
sue matrix. The lack of connective tissue strength leads 
to the variety of abnormal physical findings men- 
tioned above. Also, degeneration of the medial elastic 
fibers of the large blood vessels, which leads to the 
formation of aneurysms and disproportionate bone 
growth, is often seen. The latter leads to the well- 
known increased arm span and arachnodactyly as well 
as to scoliosis and pectus excavatum. 

In the case described above, it appears that a con- 
nective tissue defect contributed to life-threatening 
airway obstruction. We propose that the structurally 
weakened trachea with anterior—posterior narrowing 
from aortic root dilation caused intermittent obstruc- 
tion depending on whether the endotracheal tube tip 
was above or below the compression. The patient’s 
history of a preference for sleeping in the prone po- 
sition indicated that the problem was present pre- 
operatively. Postoperative flow volume loops showed 
decreased expiratory flow in the prone and supine 
positions that were significantly greater than preop- 
erative values. Review of radiographs both before and 
after the operation show loss of the midtracheal air 
column after the operation. The possibility that the 
placement of Harrington rods increased intrathoracic 
obstruction by closer approximation of the sternum 
and vertebral column in a patient with increased cos- 
tochrondral flexibility must be considered. 

Tracheal intubation failed to relieve the obstruction 
on two occasions. Most likely this occurred because 
the tip of the tube, due to its beveled configuration, 
was at the area of narrowing and resulted in obstruc- 
tion of the tube. Indeed, when the tube was advanced 
farther into the trachea on a subsequent intubation, 
no obstruction was present. Alternatively, the pres- 
ence of a rigid endotracheal tube in a trachea with an 
already narrowed and weakened segment may have 
further narrowed that segment by torsion. Should this 
complication be encountered by others, we recom- 
mend that the endotracheal tube be advanced beyond 
the point of narrowing. Because this may result in 
mainstem intubation, the use of a double-lumen en- 
dotracheal tube may be required. 

Despite the observation that the narrowing lay at 
the level of the midtrachea (between the upper ster- 
num and vertebral bodies), the patient appeared to 
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have symptoms of both intra- and extrathoracic ob- 
struction. Although postoperative flow volume loops 
showed a prolonged expiratory phase (indicating in- 
trathoracic obstruction), the patient also exhibited 
clinical signs of extrathoracic obstruction during these 
episodes. 

During the operation, fluid management was based 
on serial measurements of hematocrits, central ve- 
nous pressure, urine output, and calculated fluid bal- 
ance. The dependent position of the extremities may 
have led to a sequestered third-space loss that man- 
ifested as pulmonary edema in the recovery room. 
We believe this contributed to further narrowing of 
the tracheal lumen due to edema. Indeed obstruction 
was significantly less on the fifth postoperative day, 
after maximal diuresis had occurred and the patient 
had nearly returned to preoperative weight... 

In summary, we have presented a case of mid- 
thoracic tracheal obstruction in a patient with Mar- 
fan's syndrome that was exacerbated during posterior 
spinal fusion and insertion of a Harrington rod. The 
etiology of this obstruction most likely represents a 
combination of some of the components of Marfan’s' 
syndrome, including structural weakness of cartilag- 
inous structures such as the sternochondral junction 
and the trachea, dilation of the aortic root, and ab- 
normal vertebral curvature. We believe that anesthetic 
management of patients with Marfan’s syndrome must 
now include consideration of the possibility of mid- 
tracheal obstruction. Closer attention not only to elic- 
iting a history of dyspnea in various positions, but 
review of the tracheal air column on preoperative ra- 
diographs and pulmonary functions tests with flow 
volume loops in standing, prone, and supine posi- 
tions should be routine in patients with Marfan’s syn- 
drome undergoing posterior spinal fusion for correc- 
tion of scoliosis. 
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Amiodarone-Induced Sinus Arrest Successfully Treated with 


Ephedrine and Isoproterenol 


Ashok A. Navalgund, MD, James K. Alifimoff, Mp, Andres J. Jakymec, MD, and 


Achiel L. Bleyaert, MD 


Amiodarone is an antiarrhythmic agent that is effec- 
tive against a wide spectrum of tachyarrhythmias. 
Properties of this drug that may create problems for 
the anesthesiologist include myocardial depression 
(1,2), peripheral vasodilation and hypotension (3-5), 
prolonged duration of action (3), and atropine-resist- 
ant bradycardia (6). Sinus arrest secondary to amio- 
darone administration has been reported in four pa- 
tients, all of whom required ventricular pacing for 
treatment (7-9). None of these four patients were 
- anesthetized, but we recently encountered sinus ar- 
rest during anesthesia in a patient who was taking 
amiodarone for refractory atrial fillibration. The arrest 
was treated successfully with ephedrine and iso- 
‘proterenol. 


Case Report | 

A 71 yr-old, 47-kg woman with a long history of pe- 
ripheral vascular disease underwent elective surgery 
. for right femoral popliteal bypass grafting. Her med- 
ical history was remarkable for a nonparkinsonian 
extrapyramidal tract disorder treated with carbidopa, 
levodopa, and amantadine hydrochloride; diabetes 
mellitus controlled with chlorpropamide; and athero- 
sclerotic coronary artery disease with paroxysmal atrial 
fibrillation treated with digoxin (0.125 mg/day) and 
amiodarone (200 mg/day). 

Preoperatively, blood pressure (BP) ranged from 
130/60 to 140/80 mm Hg and heart rate (HR) from 52 
to 56 beats/min. Physical examination was remarkable 
for the absence of pulsations in the right posterior 
tibial and dorsalis pedis arteries and atrophic skin 
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changes of the right lower extremity. Electrocardio- 
gram showed a sinus bradycardia with a first-degree 
atrioventricular block at a rate of 54 beats/min. Chest 
roentgenogram and findings from routine laboratory 
tests were normal. Serum digoxin level was 0.7 ng/ml. 

The last dose of amiodarone had been given on the 
day before surgery. The patient was premedicated 
intramuscularly with hydroxyzine (75 mg), 1 hr before 
the anticipated operation. On arrival.in the operating 
room, the patient was very apprehensive, with BP of 
200/90 mm Hg and HR of 56 beats/min. Diazepam 
(3.75 mg) and fentanyl citrate (100 wg) were admin- 
istered intravenously in incremental doses, and BP 
decreased to 130/90 mm Hg while HR remained un- 
changed. Anesthesia was induced intravenously with 
thiopental (175 mg in incremental doses), after intra- 
venous precurarization with d-tubocurarine (3 mg). 
Tracheal intubation was facilitated with succinylcho- 
line, 100 mg intravenously, and anesthesia main- 
tained with 0.5% enflurane and 60% nitrous oxide in 
oxygen. The patient’s HR ranged from 56 to 60 


beats/min and BP from 120/60 to 130/70 mm Hg. 


Two and one half hr after induction, sinus arrest 
of several seconds duration occurred with the spon- 
taneous resumption of a junctional rhythm at a rate 
of 26 beats/min. The patient appeared poorly per- 
fused, and BP decreased to 70/40 mm Hg. Initial treat- 
ment was with atropine sulfate (2 mg intravenously 
in incremental doses), without effect. Incremental doses 
of ephedrine to 25 mg intravenously increased HR to 
54 beats/min and BP to 140/85 mm Hg: Arterial blood 
gas analysis at this time (Fio, 1.0) showed pH, 7.39; 
Pao, 153 mm Hg; Paco, 41 mm Hg; HCO;7, 24 
mEq/L; and base excess (BE), —1. Serum Na* and 
K* were 135 mEq/L and 3.4 mEq/L, respectively. 
Twenty-five min later, HR again decreased to 40 
beats/min with a BP of 90/60 mm Hg. Isoproterenol 
(10 ug intravenously) was administered with a sub- 
sequent increase in HR to 90 beats/min and in BP to 
150/80 mm Hg. Within 10 min, HR again slowed to 
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50 beats/min. Isoproterenol (2 ug intravenously) in- 
creased the rate to 65-70 beats/minute. 

One hour later, the patient was admitted to the 
recovery room. Her vital signs on admission were BP, 
170/85 mm Hg; HR, 50 beats/min; respiratory rate, 16 
breaths/min; and axillary temperature, 35°C. A 12- 
lead ECG showing a sinus bradycardia at a rate of 52 
beats/min was otherwise unchanged from the pre- 
operative ECG. Serum electrolyte levels were normal, 
with the exception of a potassium level of 3.3 mEq/L 
for which potassium chloride was given intrave- 
nously. Blood glucose level was 185 mg/dl and he- 
matocrit 34%. Arterial blood gas analysis while the 
patient spontaneously breathed 40% oxygen via a T- 
piece attached to the endotracheal tube showed pH, 
7.45; Pao, 128 mm Hg; Paco, 28 mm Hg; HCO", 
19 mEq/L; and BE, —3. : 

Approximately 50 min after admission to the re- 
covery room, HR decreased to 40 beats/min and BP 
to 85/60 mm Hg. The rhythm at this time was sinus 
bradycardia. Isoproterenol (10 ug) was given intra- 
venously, and an infusion of isoproterenol at a rate 
of 4-24 ug/hr was started to maintain HR at 60-68 
beats/min and BP at 120/60-140/70 mm Hg. The pa- 
tient was successfully weaned from isoproterenol in- 
fusion 16 hr postoperatively. Her ECG was monitored 
for 24 hr, and she was then discharged after an oth- 
erwise uneventful postoperative course on the sev- 
enth postoperative day. 


Discussion 
Amiodarone, originally introduced in Europe as a 
coronary vasodilator, is an effective agent for the 
suppression of both supraventricular and ventricular 
tachyarrhythmias (10,11). Although it has a multi- 
plicity of electrophysiologic actions, such as prolon- 
gation of sinus node recovery time (12) as well as 
intraatrial conduction time (13) and atrioventricular 
node refractory period (13), amiodarone’s major ef- 
fects are on the atrium and on duration of ventricular 
action potential (14). The latter effects can result in a 
-clinically significant sinus bradycardia (15); indeed 
atropine-resistant sinus bradycardia (6), sinoatrial block 
(16), and sinus arrest (7~9) have been reported. | 
. A probable mechanism of amiodarone-induced si- 
nus arrest is inhibition of phase 4 depolarization of 
the sinus node (17). Thus the potential exists for in- 
teraction between amiodarone and anesthetics that 
inhibit sinus node automaticity. Enflurane probably 
did not contribute to the sinus arrest in our patient 
because. no deleterious effects of this agent on sino- 
atrial node activity have been documented. Krishna 
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and Paradise (18) have, in fact, shown that enflurane 
elicits a dose-dependent positive chronotropic effect 
on isolated rat atria. Halothane, however, reduces 
phase 4 depolarization in the sinoatrial node (9-12, 
19) and might potentiate the effects of amiodarone on 
the sinoatrial node. To our knowledge, this potential 
adverse interaction has not been investigated. 

Another class of drugs that may possibly interact 
adversely with amiodarone are the antiarrhythmic 
agents themselves. Jones (20) speculated that amio- 
darone-induced sinus arrest might be secondary to 
amiodarone—digoxin interaction. Although amioda- 
rone enhances digoxin action by displacing digoxin 
from its protein binding sites (21), sinus arrest has 
been reported in a patient who was taking only amio- 
darone (9). Although amiodarone may increase serum 
digoxin concentration by as much as 70%, digoxin 
concentration in our patient was 0.7 ng/ml (lower limit 
of therapeutic level). Keiden et al. (22) observed a 
patient in whom sinoatrial arrest developed after in- 
jection of 120 mg of lidocaine for local anesthesia. 
They hypothesized that the interaction between lid- 
ocaine and amiodarone, both of which depress si- 
noatrial node activity, was responsible for the arrest. 
Thus other antiarrhythmic agents, such as quinidine, ` 
that depress diastolic depolarization of the sinoatrial 
node may interact with amiodarone, suppress im- 
pulse formation, and produce sinoatrial arrest. 

In all four of the cases of sinus arrest reported in 
the literature (7-9), ventricular pacing was needed to 
correct the sinus arrest. Responses to isoproterenol 
or other chronotropic agents were not reported. The 
sinus arrest in our patient responded to ephedrine, 
and the bradycardia that occurred later responded to 
isoproterenol. One should, however, be prepared to 
initiate ventricular pacing during anesthesia if sinus 
arrest occurs in patients taking amiodarone. 

On the basis of the present case, we recommend 
that a pacemaker be inserted for elective surgery un- 
der general anesthesia in a patient taking amiodarone. 
The half-life of amiodarone is 30 days, and its phar- 
macologic effects may last as long as 45 days (2). Thus 
an alternative to using a pacemaker would be to post- 
pone surgery for 45 days and discontinue amiodarone 
during that time. However, because the drug is gen- 
erally given when conventional antiarrhythmic agents 
have proved ineffective, discontinuation may not be 
possible. — 

In summary, we present this case to alert anesthe- 
siologists that sinus arrest can occur during general 
anesthesia in patients treated with amiodarone, pos- 
sibly as a result of drug interaction, and to describe 
its successful treatment with ephedrine and isopro- 
terenol. 
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Ventricular Arrhythmias after Terbutaline Administration to 
Patients Anesthetized with Halothane 


Somasundaram Thiagarajah, MD, FFARCS, Michael Grynsztejn, MD, Erwin Lear, MD, and 


Isaac Azar, MD 


Halothane is considered by many to be the anesthetic 
of choice for asthmatic patients because of its bron- 
chodilator action (1,2). lf wheezing occurs in patients 
during halothane anesthesia, the administration of a 
bronchodilator drug may be necessary (3). Halothane, 
when combined with aminophylline, enhances the 
sensitivity of the myocardium to catecholamines and 
may induce ventricular arrhythmias (4). Terbutaline, 
a bronchodilator, is considered to be predominantly 
a B2-adrenergic agonist and therefore is presumed to 
be less arrhythmogenic than other bronchodilators 
such as epinephrine or aminophylline. Terbutaline 
would seem a rational choice as a drug to treat bron- 
chospasm occurring in patients during halothane 
anesthesia (5). Adverse interactions producing ar- 
rhythmias have not been described when terbutaline 
was administered for the treatment of bronchospasm 
in patients anesthetized with halothane. This report 
describes two patients who developed ventricular ar- 
rhythmias when terbutaline was administered to re- 
lieve bronchospasm during halothane anesthesia. 


Case Reports 
Case 1 


A 45-yr-old, hypertensive, 100-kg female was sched- 
uled for cholecystectomy and cholangiogram. She had 
a long history of wheezing attributed to her 50 pack- 
years (two packs per day for 25 yr) of cigarette smok- 
ing. Wheezing was easily controlled with oral medi- 
cation, and neither hospitalization nor emergency room 
treatment had been required. The preoperative phys- 
ical examination and laboratory data were all within 
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normal limits. The arterial blood gases while the pa- 
tient was breathing room air were pH 7.46, Paco: 36 
torr, and Pao, 74 torr. ; 

The patient was premedicated with meperidine, 50 
mg and droperidol, 5 mg intramuscularly, 1 hr before 
the operation. She received 300 mg of oral cimetidine 
the night before and again prior to surgery. Anes- 
thesia was induced with incremental doses of fentanyl 
(250 xg) and thiopental (500 mg). Tracheal intubation 
was accomplished after administration of succinyl- 
choline (100 mg). Anesthesia was maintained with an 
inspired concentration of 2-3% halothane, in 50% O, 
with N20. Muscle relaxation was achieved with pan- 
curonium. Within 10 min of the onset of surgery, 
wheezing was detected by auscultation, and the pa- 
tient was given 0.35 mg of terbutaline subcutane- 
ously. Within the next 20 min, the wheezing com- 
pletely disappeared, but her heart rate increased from 
68 to 100 beats/min and her ECG revealed unifocal 
premature ventricular contractions followed by bi- 
geminy. Her temperature was 37.2°C; an arterial blood 
specimen showed a pH of 7.43, a Pao, of 116 torr, a 
Paco of 35 torr, and potassium concentration 4.1 
mEq/L. There had been no surgical stimulation during 
this period. The ventricular arrhythmia responded to 
a 100 mg bolus of intravenous lidocaine, and the sub- 
sequent anesthetic course was uneventful. She de- 
veloped wheezing again in the recovery room and 
responded to aminophylline. 


Case 2 


A 52-yr-old male was scheduled for colon resection. 
He had been wheezing intermittently since child- 
hood, but wheezing was easily controlled with neb- 
ulized isoetharine. He had been free of symptoms for 
more than 2 yr. Premedication consisted of meperi- 
dine, 50 mg, and hydroxyzine, 25 mg. Anesthesia was 
induced with fentanyl, 200 ug, droperidol, 5 mg, and 
divided doses of thiopental totalling 450 mg. Tracheal 
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intubation was achieved after administration of suc- 
cinylcholine, 100 mg. Anesthesia was maintained with 
halothane in N20 with 50% oxygen. Immediately after 
intubation, the patient developed a bout of wheezing 
that responded to terbutaline, 0.25 mg, administered 
subcutaneously. The patient developed multiple uni- 
focal premature ventricular contractions and bigem- 
iny within the next 25 min. The arrhythmias re- 
sponded to intravenous lidocaine therapy. Halothane 
was discontinued and enflurane started. An arterial 
blood sample during this period revealed a pH of 7.37, 
a PaO, of 186 torr, a Paco, of 31 torr, and a potassium 
concentration of 3.9 mEq/L. The subsequent anes- 
thetic course was uneventful. 


Discussion 


Ventricular arrhythmias can occur in the perioperative 
period because of inherent cardiac irritability, hy- 
poxia, hypercarbia, hypothermia, potassium imbal- 
ance,’ or adverse drug interactions, such as halo- 
thane—epinephrine (6), halothane—aminophylline (4), 
halothane-tricyclic-antidepressants—pancuronium (7), 
and hypercarbia— neostigmine (8) or naloxone (9). 

When patients develop wheezing during halo- 
thane anesthesia, the first treatment is to deepen 
anesthesia, provided blood pressure is stable, and to 
eliminate common causes (e.g., secretions, obstruc- 
tion, carinal stimulation, soda-lime dust, foreign body, 
pneumothorax). If bronchospasm persists, the use of 
nebulized isoetharine or metaproterenol should be 
considered. The judicious use of subcutaneous ter- 
butaline or intravenous aminophylline has been sug- 
gested if wheezing continues to persist (10). Halo- 
thane may have to be discontinued to prevent 
arrhythmias, and enflurane or isoflurane may be sub- 
‘stituted when bronchodilators with chronotrophic ef- 
fect are administered parenterally. 

Originally, terbutaline was thought to be a specific 
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B2-adrenergic agonist with minimal effect on the car- 
diovascular system. It has been observed, however, 
that terbutaline causes vasodilation with compensa- 
tory tachycardia (10). The onset of the action of ter- 
butaline is relatively slow (30—60 min) and therefore 
its use for the rapid relief of bronchospasm has been 
questioned (10). Additionally, terbutaline combined 
with halothane may produce arrhythmias even in the 
normocarbic normoxic patient, as demonstrated in the 
two cases reported herein. We therefore caution against 
the use of terbutaline in patients who are anesthetized 
with halothane. 
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Letters to the Editor 





Double Internal Jugular Vein 
Cannulation in Pediatric and Adult 
Cardiac Surgery Patients: An Easy 
and Convenient Technique 


To the Editor: 


Many patients undergoing cardiac surgery require the si- 
multaneous administration of several medications by con- 
tinuous intravenous infusion. Because it is preferable that 
many of these be administered centrally, particularly when 
the arms are covered by surgical drapes, the internal jugular 
vein (IJV) has been popularized for ease of central venous 


access. In adult patients, however, if a pulmonary artery . 


catheter (PAC) is placed in a single 8.5F sheath inserted 
percutaneously into the IJV, a limited number of ports is 
available for administration of blood and drugs: 1) the side 
port of the 8.5F sheath, 2) the central venous (CV) port of 
the PAC, and 3) the extra venous port of the PAC, if such 
a catheter is used. Clearly, if a number of infusions must 
be administered simultaneously, this system is inadequate. 
In pediatric patients, a single venous line cannot be used 
simultaneously for administration of intravenous drips and 
for the continued monitoring of central venous pressure 
(CVP).. 

In order to overcome the disadvantages of single venous 
cannulation, we have modified the téchnique described by 
English et al. (1) to insert two central venous catheters into 
the same IJV. 

For adult patients, after a J-wire (Arrow Percutaneous 
Sheath Introducer Kit, Arrow International, Inc., Reading, 
PA) is inserted into the IV through an 18-gauge over-the- 
needle catheter, the catheter is withdrawn. A second 18- 
gauge over-the-needle catheter is inserted into the IJV 1 cm 
above or below the point where the indwelling J-wire pen- 
etrates the skin. The position of the J-wire provides a guide 
to the location of the IJV, and the operator can simply direct 
the second 18-gauge catheter to a subcutaneous point where 
it appears it will intersect the J-wire. Once venous position 
of the second 18-gauge catheter is confirmed, a second J- 
wire is inserted and the catheter is removed. A small in- 
cision is then made where each J-wire enters the skin, and 
a purse-string suture is placed around each wire. An 8.5F 
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sheath-dilator unit with side port/hemostasis valve catheter 
to sheath adapter is passed over each J-wire, the dilators 
are removed, and the positions of the 8.5F sheaths are se- 
cured with the indwelling sutures. It is important that the 
sutures be placed prior to insertion of the two 8.5F sheaths, 
because attempting to sew them in afterwards may result 
in inadvertent perforation of the thin-walled sheaths. . 

After both sheaths are in position, a PAC is placed in , 
one and an Arrow—Howes multi-lumen CV catheter (Arrow _ 
International, Inc.) in the other. This yields a total of 6 or 
7 ports for administration of drugs and fluids simulta- 
neously: (A and B), the side arm on each of the 2 sheaths; 
(C), 3 ports on the multi-lumen CV catheter; and (D), 1 or 
2 ports on the PAC, depending on the type inserted 
(Fig. 1). 

For pediatric patients, after the right IJV is located with 
a 22-gauge over-the-needle catheter, a J-wire supplied in 
the Cook tray (CDLMY-501J-PED-BH, Cook Inc., Bloom- 
ington, IN; Cook Catheter, 5.0 French, 5 cm in length) is 
inserted through the catheter and the catheter is with- 
drawn. A second 22-gauge catheter is inserted just above 
or below the first wire as described in adult patients. A 
second J-wire is inserted and the catheter is removed. A 
double-lumen catheter is then passed over each J-wire and 
the J-wires are removed. The Cook catheters are positioned 
in place with appropriate sutures to the skin. This yields a. 
total of four ports—three for administration of drugs and 
fluids and one for continuous monitoring of CVP (Fig. 2). 

During the past three years, we have performed more 
than 2000 double IJV cannulations in adult patients and 
more than 100 in pediatric patients (new-borns—5 yr) with- 
out sequelae. Using a Doppler ultrasonic velocity detector 
operating at a frequency of 5 MHz (MedaSonics ultrasonic 
stethoscope, model BF4A, Mountain View, CA), we con- 
firmed patency of the IJV preoperatively and 5 days post- 
operatively in 35 consecutive adult patients having double 
IJV cannulations. 

In our hands, this technique requires only a few minutes 
more than single cannulation. Not only do we obtain an 
adequate number of ports for simultaneous administration 
of more than one vasoactive and/or inotropic infusion dur- 
ing intra- and postoperative periods, but also the patient 
does not usyally require any other venous cannulation in 
the postoperative period. Because of the large diameter of 
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Figure 1. Patient with double internal jugular vein cannulation 
providing six additional CV ports: (A and B), side ports of 8.5F 
sheaths; (C), three ports of multi-lumen CV catheter; and (D) 
intravenous proximal (CV) port of PAC. 


, 


the IJV, intravenous administration of antibiotics does not 
cause the phlebitis commonly seen in peripheral veins. Ad- 
ditionally, the anesthesiologist may inspect the site of can- 
nulation throughout the surgical procedure, eliminating the 
undetected infiltration or disconnection of lines which oc- 
curs with peripheral venous lines hidden under the surgical 
drapes. 


Judith A. Fabian, MD 
M.C.S. Jesudian, MD 


Kang H. Rah, mp 

Department of Anesthesiology 
Medical College of Virginia 
Virginta Commonwealth University 
Richmond, VA 23298 
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Temperature Correction of Blood 
Gas Tensions? 


To the Editor: 


Reading Dr. Sladen’s article “Temperature and Ventilation 
after Hypothermic Cardiopulmonary Bypass” (1) renews in 
my mind the controversy regarding whether blood gas ten- 
sions should be “corrected” to the patient's temperature or 
merely interpreted at 37°C, where they are analyzed in the 
clinical laboratory. Dr. Sladen chose to correct blood gas 
tensions to the patients’ actual temperatures. This choice 
will tend to make the blood gas tensions appear to change 
more dramatically as the patients rewarm in the intensive 
care unit after open heart surgery, but in my mind it con- 
fuses the issue. 

If one cools a sample of normal blood (i.e., pH 7.40, Pco, 
40 mm Hg) from 37 to 34.7°C, the reported average patient 
temperature upon arrival in the Stanford ICU (1), the pH 
will increase and the Pco, will decrease. The corrected val- 
ues will be pH 7.43 and Pco, 36 mm Hg. The pH increases 
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Figure 2. Pediatric patient with two double-lumen catheters in the 
internal jugular vein. 


because water is less dissociated into OH” and H* at the 


The Pco, decreases with cooling of the blood because 1) 
CO, content is constant in this closed system and 2) carbon 
dioxide becomes more soluble as the temperature de- 
creases. When solubility is increased, a lower gas partial 
pressure is in equilibrium with the unchanged gas content. 

From Dr. Sladen’s data, I infer that 17% of his patients 
entered the ICU with a temperature less then 33.8°C. If a 
sample of their blood read at 37°C were pH 7.40 and Pco, 
40 mm Hg, their corrected values would be pH 7.447 and 
Pco, 34.8 mm Hg. 


Corrected pH = pHa, + 0.0147 (37 — temp); 


Corrected Pco, = PCOaax, X 10009 temp -37 


Thus they would have been considered “hyperventilated” 
by Dr. Sladen. Should they be? 

A strong argument against correction of blood gas ten- 
sions to patient temperature is made by Ream et al. (3). 
They cite Rahn (4), who recommends keeping human serum 
slightly alkaline to the neutral point regardless of body tem- 
perature. This will maintain the intracellular medium at or 
near the neutral point. This in turn preserves the charge 
state of the proteins important for cellular function. The 
easiest way to know what pH to aim for at various tem- 
peratures to maintain this slight alkaline offset is to aim for 
a normal pH at 37°C. 

Ream et al. also recommend maintaining minute venti- 
lation, despite a decrease in the patient’s temperature, with 
an aim to keep the Pco, 40 mm Hg when the sample is 
read at 37°C. They cite animal studies reporting better car- 
diac function, appropriate cerebral blood flow, and main- 
tenance of cerebral blood flow autoregulation in the most 
sensitive range when this method of interpretation is used. 
They also refer to their experience suggesting less ventric- 
ular irritability in patients cooling prior to cardiopulmonary 
bypass. 
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Table 1. Corrected and Noncorrected Paco, and Temperature (Case Number 42) 

Hours after admission 0.5 2 4 5 6.5 11.5 
Rectal temperature 31.8 33:2 33.5 34.6 36.5 37.6 
VE (L/min) 7.8 7.8 7.8 10.4 10.4 10.4 
Paco, (corrected) 33 35 47 44 45 33 
pH (corrected) 7.46 7.43 7.30 7.36 7.36 7.48 
Paco, (noncorrected) 42 42 55 49 46 32 
pH (noncorrected) 7.42 7.37 7.25 7.32 7.35 7.49 





VE, delivered mechanical ventilation. 


The controversy continues to rage, apparently even within 
the walls of one university! Dr. Sladen suggests that pa- 
tients’ ventilatory needs may change as they rewarm, and 
that patient shivering probably dictates the need for in- 
creased ventilation. I don’t know how much of his conclu- 
sion is based upon his interpretation of his patient data, 
which is at variance with the recommendation by Ream 
et al. 


Stuart T. Anderson, MD 

Steven J. Barker, PhD, MD 

Department of Anesthesiology 

University of California, Irvine Medical Center 
Orange, CA 92668 
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In Response: 


The questions asked by Drs. Anderson and Barker are ger- 
mane, but they do not make the problem quite disappear. 
Their inference is that the alkalosis on admission and the 
acidosis during rewarming are artifactual, and appropriate 
to the patient’s temperature if noncorrected arterial blood 
gas tensions were used. Indeed, a mild degree of hyper- 
ventilation in cold patients on admission to the intensive 
care unit may not be harmful and may protect against sub- 
sequent hypoventilation during rewarming. However, as is 
illustrated in data from a typical patient (Table 1), the in- 
crease in Paco, precedes the maximum elevation in temper- 
ature. In patients who became hypercarbic in the postop- 
erative period, peak Paco, occurred at a mean of 4.6 hr after 
admission to the ICU, whereas maximum rewarming took 
a mean of 8 hr. Although the use of noncorrected Paco, 
values mitigates the effect of alkalosis on admission (Paco, 
33 mm Hg and pH 7.46 become 42 mm Hg and 7.42, re- 
spectively), it actually enhances the degree of acidosis dur- 
ing rewarming (Paco, 47 mm Hg and pH 7.30 become 55 
mm Hg and 7.25, respectively). Respiratory acidosis re- 
mains a potential postoperative problem whether or not 
blood gases are corrected to patient temperature. 


Robert N. Sladen, MB 

t of Anesthesia 
Stanford University Medical Center 
Stanford, CA 94305 


Intravascular Injection of Local 
Anesthetic after Venipuncture of 
Axillary Vein during Attempted 
Brachial Plexus Block 


To the Editor: 


A healthy 56-yr-old man who presented with Dupuytren’s 

contracture of his right ring finger agreed to an axillary 
brachial plexus block. While attempting arteriotomy: of the: 
axillary artery with a 23-gauge short-bevel needle veni- 

puncture of the axillary vein was performed. Because this 

vein also lies in the interfascial compartment, the decision 

was made to deposit 45 ml of local anesthetic solution (0.50% 

bupivicaine with 1:400,000 fresh epinephrine) about it, 30 

ml posteriorly and 15 ml anteriorly. After the uneventful 

posterior injection, the needle was slowly withdrawn through 

the venous lumen until aspiration showed its tip to be out- 

side the anterior wall of the vein. Before receiving the sec- 

ond injection the patient had a grand mal seizure that was 

quickly stopped by the intravenous injection of 50 mg of 
thiopental. He was easily ventilated with 100% oxygen by 

mask during this episode, fully recovering without appar- 

ent sequelae. 

I believe there were two reasons for this complication. 

First, the muscular layer of the axillary artery is thicker than 
that of the axillary vein. After arteriotomy,-an arterial wall 


behaves analogously to a self-sealing tire-after-removal-of-- - 
a nail. Venipuncture, I believe, is more likely to leave a-~: ° 


patent opening in the wall of the vessel. Second, perivas- 
cular injection of a large volume ofzlocal anesthetic may 


cause a pressure within the interfascial space higher than ' 


the relatively low value found within the vein. The com- 
bination of these two factors may cause local anesthetic to 
flow into the vein after the needle is withdrawn. 

What ought to be done after venipuncture of a vein lying 
in the brachial plexus interfascial space? I suggest with- 
drawing the needle completely and waiting several minutes 
before further exploration to allow a clot to form at the 
venipuncture site. The site should not be massaged after 
the local anesthetic is injected to help prevent the fresh clot 
from losing its integrity. These procedures should reduce 
the chance of an intravenous injection. 


Ernest R. Greene Jr, MD, PhD 

Veterans Administration Medical Center and 
University of Alabama at Birmingham 
Birmingham, AL 35294 
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Measures of Outcome 


To the Editor: 


I would like to comment on Dr. Reves’ letter to the editor 
(Anesth Analg 1985;64:751) in which he says that it is “bet- 
ter” to study preservation of ventricular contractility and 
diastolic compliance than it is to look at outcome in terms 
of morbidity and mortality. It is my view that we have 
reasonably well established that preservation of ventricular 
contractility—within broad limits—is not demonstrably re- 
lated to outcome. Dr. Reves’s comments actually support 
the concept that such drugs as potent narcotics that do 
preserve ventricular contractility do not produce a mea- 
sureable difference in outcome as compared to the inhala- 
tion agents, which are very potent depressors of ventricular 
contractility. The anesthesia literature is filled with docu- 
mentation of myocardial depression by anesthetic agents 
and implications that this depression is bad and outcome- 
related. There are no data to support the outcome 
implications. 

I believe it is unrealistic, and certainly bad public rela- 
tions for our specialty, to continue the assertion that things 
such as preservation of ventricular contractility, as attractive 
as this is, are related to outcome—-unless and until such is 
shown to be true. 

In the meantime we should cease claiming superiority 
of one anesthetic regimen or drug based on such unproven 
concepts. Although it is true that multiinstitutional studies 
and large patient-outcome studies are very difficult and 
perhaps expensive, it seems inescapable that this is the 
bottom line we really have to know. To pretend that indi- 
vidual and more easily discovered and measured phenom- 
ena relate to outcome is penny wise and pound foolish, not 
only for our specialty but for all of medicine, and therefore 
for society in general. 





William K. Hamilton, MD 
Department of Anesthesia 

University of California Medical Center 
San Francisco, California 94143 


Currency Scores, Medians, and 
Half-Lives 


To the Editor: 


In 1978, Pittinger published a procedure for evaluating cur- 
rentness of biomedical textbooks (1). Designated by “‘cur- 
rency scores,” currentness calculated as follows: 


1000 


Cuen y Score =) oe 
á Copyright Date — Vintage Index. 


The vintage index is the cube root of the product of mean, 
median, and mode for dates of all cited references charac- 
terized by author(s), title, volume, pagination, and date. 
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These parameters of central tendency are derived from a 
statistical array of dates tabulated at annual intervals, and 
the vintage index was determined from these. This aspect 
of the derivation of a currency score was admittedly a long 
and tedious procedure. 

In the course of analyzing a larger group of textbooks it 
became apparent that median and vintage index values were 
quantitatively similar. Indeed, the mean (+ SD) for 65 me- 
dians was 1961.1 + 11.1 and that for the vintage indexes 
was 1961.0 + 11.2 {r = >0.99). In view of these similarities, 
we propose a simplified derivation for currency score: 


1000 


CUIVCNCY oore S oe re 
Copyright Date — Median. 


Another related index of currentness is the half-life. The 
Journal Citation Reports of Science Citation Index defines 
half-life as “the number of journal publication years from 
the current year back whose articles have accounted for 50% 
of the total citations received in a given year” (2). Derivation 
of the half-life of a textbook is a simple procedure after the 
median has been determined, i.e 


Half-Life = Copyright Date — Median + 1 


Thus for a text with a copyright date of 1984 and a median 
of 1976.7, the half-life would be 1984 minus 1976.7 plus 1, 
or 8.3 years. A value of “1” (year) is added to the equation 
to compensate for Garfield’s inclusion of the copyright year 
in the Science Citation Index methodology. It should be 
noted that all reference years below the median in the total 
distribution of dates relate to currency score, and all those 
above the median pertain to half-life. 

Finally, it becomes apparent that 

1000 


Half-Life = —--——--—- + 1 
Currency Score 


Charles B. Pittinger, MD 
Vanderbilt University 
Nashville, TN 37232 


Edwin S. Munson, MD 
University of Kentucky 
Lexington, KY 40536 
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Cost of Muscle Relaxant Drugs: 
Other Factors to Be Considered 


To the Editor: 


Aldrete et al. (Anesth Analg 1985;64:943-4) bring up an 
interesting point about muscle relaxant drugs (MRDs): the 
cost. Because there are differences in the duration of action 
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in the older and newer MRDs and the relatively rapid rate 
of recovery from the new MRDs, other factors also need to 
be considered. Often in anesthesia practice, we have short 
operations that require muscle relaxation. If, at the conclu- 
sion of the operation, the patient's respiration is inadequate 
due to residual effects of MRDs, then the cost of additional 
operating room time, the cost of a respirator (starting at 
$32.00, followed by $4.00 for each extra hour), and the cost 
of being in the recovery room ($50.00 for each half hour) 
or the intensive care unit ($400.00 or more per day) may be 
many times more than the cost of the new MRDs. We should 
also consider the cost of the equipment needed for the in- 
travenous infusion of succinylcholine (approximately $6.50) 
and the prices of anticholinesterases ($3.20 for a 10-ml vial 
of neostigmine), and anticholinergic drugs ($0.65 per ml of 
glycopyrrolate). It is, however, always justifiable to pur- 
chase a neuromuscular blockade monitor and its electrodes, 
regardless of which muscle relaxant drug is used. Finally, 
it is our goal to continue to research new drugs that will be 
more beneficial to the patients in addition to being cost 
effective. 


Dung Q. Tran, MD 

Anesthesia Section, Clinical Center 
National Institutes of Health 
Bethesda, MD 20892 


Postanesthetic Theophylline 
Elimination’ 


To the Editor: 


In an earlier communication, one of us (KN) reported that 
theophylline elimination was strongly inhibited during 
halothane anesthesia and was inhibited to a lesser degree 
during enflurane anesthesia (1). As the effect of halothane 
was to increase the apparent half-life of theophylline by 
230%, we raised the question as to whether halothane might 
also interfere with theophylline elimination in the post- 
anesthetic phase during which some halothane would still 


Table 1. Effect of Preexposure to Halothane on 
Theophylline Elimination in Dogs 


Control Halothane 
k, (min 0.0033 0.0026 

(0.0008) (0.0005) 
tı (min) 208 266 


Anesthesia was induced with thiopental (35 mg/kg) and then maintained 
with halothane or no further anesthetic in the controls. Halothane was ad- 
ministered between | and 2% for 60 min, then stopped. Thirty minutes after 
stopping halothane administration, theophylline (10 mg/kg) was infused and 
venous blood samples were taken for theophylline analysis. Serum theo- 
phylline concentrations were measured by high performance liquid chro- 
matography (2) tor calculation of the elimination rate constant (k) and the 
apparent half-life (t,). Values are given as the mean + standard deviation, 
and a t-test for paired data was used to test for statistical significance. 

n= 5,P = 0.11 

‘Supported by grants from the Medical Research Council of Canada and 
Anaquest. 
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be present. The data presented in Table 1 indicate that the 
effect of preexposure to halothane anesthesia does not have 
a statistically significant effect on theophylline elimination 
in the period 30-360 min after terminating halothane 
administration. 

Our previous finding of halothane inhibition of theo- 
phylline elimination was made under conditions that would 
have resulted in the high tissue concentrations of halothane, 
whereas the present observations were made under con- 
ditions that would have resulted in much lower tissue halo- 
thane concentrations. These results would be consistent 
with halothane acting as a competitive substrate for the 
enzymes that metabolize theophylline, and a diminution of 
effect as the concentration of halothane decreased. 


Kanji Nakatsu, PhD 

Christopher W. Loomis, PhD 

Department of Pharmacology and Toxicology and the 
Department of Anaesthesiology 

Queen's University | 

Kingston, Ontario KZL 3N6 

Canada 
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Hepatic Blood Flow During 
Controlled Hypotension 


Letter to the Editor: 


The study by Sivarajan et al. (1) is mainly focused on changes 
in cerebral and coronary blood flows induced by controlled 
hypotension. However, a relatively long part of the dis- 
cussion is devoted to changes observed in hepatic blood 
flow. The authors conclude that hepatic blood flow is not 
significantly impaired by hypotension induced with sodium 
nitroprusside or trimethaphan during halothane anes- 
thesia. The conclusion is based on the absence of significant 
changes in total liver blood flow calculated as a sum of 
hepatic artery and portal vein blood flows. Total liver blood 
flow is one of the main determinants of liver function; how- 
ever, liver oxygen supply per se is also important to liver 
function. Liver oxygen supply is determined to a large ex- 
tent by an arterial fraction of total liver blood flow or, in 
other words, by hepatic arterial blood flow (HABF) rather 
than by total liver blood flow (2). Therefore, it is worth 
noting that in some studies HABF increased (3,4), or at least 
did not decrease (5,6), during nitroprusside-induced con- 
trolled hypotension (not exceeding a 35% decrease in blood 
pressure), and increased only temporarily (7) or decreased 
with trimethaphan (8). An increase in HABF during nitro- 
prusside may result from preserved HABF autoregulation 
(an ability of HABF to increase in response to a decrease in 
portal blood flow) or from a pure vasodilating effect on 
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Table 1. Blood Flow to the Liver (m1100 g liver™*-min™~?) 


Hepatic artery blood flow 
Total blood flow to liver 
Ratio of hepatic artery blood flow and total blood flow to liver 


hepatic arterial vasculature. Trimethaphan might have dif- 
ferent effects on these mechanisms. If the authors (1) pre- 
sented changes in HABF induced by both drugs (they do 
have the data), it could be of great value and provide the 
necessary information as to whether two hypotensive drugs 
are actually equally dangerous or safe for the liver in con- 
ditions of halothane anesthesia. On the other hand, similar 
effects of both hypotensive drugs on liver circulation (HABF 
to total hepatic blood flow ratio) in this study may reflect 
the influence of halothane rather than the hypotensive drug 
because halothane distorts HABF autoregulation to a greater 
degree than some other anesthetics (9). 


Simon Gelman, MD, PhD 
Department of Anesthesiology — 
University of Alabama at Birmingham 
Birmingham, AL 35294 
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In Response: 

In our report (1) total blood flow to the liver, calculated as 
the sum of hepatic artery and portal vein flows, was nor- 
malized to the weight of abdominal viscera (gastrointestinal 
tract, pancreas, spleen, and liver) and should have been 
appropriately labeled “splanchnic blood flow.” In response 
to Dr. Gelman’s letter we present both hepatic artery blood 
flow and total blood flow to the liver in ml of blood-100 g 
of liver” “minute7', and the ratio of these two flows (mean 
+ SEM) (Table 1). 

There were no significant differences when changes 
produced by each drug were compared to control values 
obtained before infusion of that drug, nor were there dif- 
ferences when changes from control produced by nitro- 
prusside were compared to changes from control produced 
by trimethaphan. Our conclusion remains essentially the 
game, namely that hepatic blood flow is not significantly 
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Control Nitroprusside Control Trimethaphan 
38 +7 43 +7 32 + 4 3443 
171 + 20 190 + 17 163 + 10 140 + 9 
0.22 + 0.04 0.23 + 0.03 0.2 + 0.02 0.25 + 0.02 


impaired by hypotension induced using nitroprusside or 
trimethaphan during halothane anesthesia. 

Murali Sivarajan, MD 

Department of Anaesthesiology 

Kasturba Medical College 

Manipal 576119 

India 
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Uterine Displacement Device 


To the Editor: 


I read with interest the article by Endler and Donath de- 
scribing an inflation device to prevent aortocaval compres- 
sion (1). We have successfully utilized a similar device for 
more than two years. Our device, commercially available 
(Air Uterine Displacer (AUD), Flexguide Division Scientific 
Sales International Inc., PO Box 867 Ravina Station, High- 
land Park, IL 60035), differs from Endler's and Donath’s 
device in two important aspects. First, the source of positive 
pressure for inflation of the bag placed under the right hip 
is simpler and always available to the anesthesiologist at 
no extra cost, that is the anesthesia machine. The bag is 
attached to the outlet of the anesthesia machine by a tubing 
and a male connector similar to that of the endotracheal 
tube. Inflation of the bag is achieved in a few seconds by 
pushing the oxygen flush valve. Then, by turning a two- 
way stop-cock, the required pressure is retained in the bag 
and monitored by an attached manometer. The bag is in- 
flated to the optimum level prior to the induction of general 
anesthesia and immediately after the patient acquires the 
supine position with subarachnoid or epidural anesthesia, 
thus freeing the anesthesia machine for administering anes- 
thesia or oxygen to the patient. Second, the bag we use is 
a disposable plastic one to eliminate the possibility of trans- 
mitting infection from one patient to the other through blood, 
amniotic fluid, or the skin. This may be an important med- 
icolegal issue in view of the recent concern about noso- 
comial infections such as herpes, hepatitis, and AIDS. 


Ezzat Abouleish, MD 
Anesthesiology Department 

The University of Texas at Houston 
Houston, TX 77030 


Reference 


1. Endler GC, Donath RW. Inflation device to prevent aortocaval compres- 
sion during pregnancy. Anesth Analg 1985;64:1015-6. 


LETTERS TO THE EDITOR 


ANESTH ANALG 425 
1986;65:419-425 





Figure 1. Electrode placement for neuromuscular assessment uti- 
lizing the posterior tibial nerve shown before twitch stimulation. 


But Where Will I Put My 
Twitch Monitor? 


To the Editor: 


In this day of multiple surgical procedures and unique pa- 
tient positions, it is not unusual for the anesthesiologist to 
find the patient lost amongst the drapes and operative fields. 
In fact, the anesthesiologist may paradoxically end up at 
the foot of the table and be heard to lament, “But where 
will I put my twitch monitor?” Conventional wisdom (or 
convenient tradition) results in the use of only the ulnar 
nerve—abductor pollicis brevis muscle or, if push comes to 
shove from the other side of the surgical drapes, the facial 
nerve—orbicularis oculi muscle (1), with the hope that the 
nerve is truly being stimulated (2). 

I wish to remind the anesthesia community of a more 
convenient and reliable motor nerve that can be the appro- 
priate solution when there is a problem of where to put the 
twitch monitor: the posterior tibial nerve. This nerve is just 


Figure 2. Electrode placement for neuromuscular assessment uti- 
lizing the posterior tibial nerve shown during twitch stimulation. 


inferior and posterior to the medial malleolus and can even 
be “rolled” there like the ulnar nerve at the elbow. I simply 
place the electrodes inferior and posterior to the medial 
malleolus (Fig. 1) and stimulate the posterior tibial nerve, 
which causes plantar flexion of the toes (Fig. 2). 

After working with scores of nurse anesthetists, anes- 
thesia residents, and attending anesthesiologists in several 
different areas of the country, I have never seen this tech- 
nique used. Yet it is convenient and reliable and, once dem- 
onstrated, never forgotten. Now we need never be without 
a place for our twitch monitors. 


Lawrence P. Frank, MD 
Department of Anesthesiology 

University of Florida College of Medicine 
Gainesville, Florida 32610-0254 
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Book Reviews 
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Handbook of Physiology, Section 3: The 
Respiratory System. Volume I. Circulation and 
Nonrespiratory Functions | 
A. P. Fishman and A. B. Fisher, eds. Bethesda, MD: 
American Physiology Society, 1985, 572 pp, $136.00 


The purpose of this series of handbooks is to provide a 
comprehensive view of contemporary respiratory physiol- 
ogy. This is not a textbook written for students, but a critical 
appraisal of current knowledge combined with a detailed 
discussion of controversies, written by authors who are 
research specialists in their respective topics. 

The series has been outstanding in the past, and this 
volume maintains the high caliber of its contributions. Per- 
haps most noticeable is the extraordinary breadth of topics 
that are now considered functions of the lung; few of the 
topics contained in this volume were included in earlier 
editions. Control of breathing, lung mechanics, and gas 
exchange are topics to be covered by succeeding volumes 
in the series; and the present volume is devoted primarily 
to the biology of the lung in the broadest sense. Lung de- 
velopment, metabolic activity, regulation of circulating hu- 
moral agent, and the cellular interactions of hemostasis are 
the principal topics. Although they are disparate in subject 
matter, their presentation in a single volume conveys an 
extraordinary sense of how molecular biology, pathology, 
biochemistry, and physiology are drawing together to give 
a real basis for the understanding of the lung’s function as 
an organ. 

This is not to suggest that all is solved. On the contrary, 
a primary value of this book is the clear statement of the 
problems that remain. For the most part, the chapters re- 
view research in areas that have only recently been suc- 
cessfully pursued in the lung. Therefore each topic reveals 
as much about what needs to be done as it does about what 
is known. For a balanced summary of specialized areas of 
knowledge, this book is excellent, and the bibliography is 
selective but extensive for each chapter. 

The first chapter, by P. Burri, focuses on the develop- 
ment and growth of the human lung. The second, by E. 
Weibel, discusses hung cell biology. They demonstrate nicely 
why knowledge of the lung has increased so rapidly and 
so far from the traditional functional confines of gas ex- 
change. Both of these chapters are filled with exquisite elec- 
tron microphotographs, and the structure revealed is cor- 
related with function. The complexity of the changes that 
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occur during development in the same species is revealed 
to be much more than a function of scale, and the stage is 
thereby set for subsequent chapters that explore some of 
the details of organ and cellular function in the lung. 

A chapter by A. P. Fishman on the pulmonary circulation 
begins with a more traditional discussion of the passive 
forces responsible for distributing blood flow through the 
lung, but then proceeds to discuss the newer controversies 
on the active regulation of blood flow, the causes of pul- 
monary hypertension, and the importance of the bronchial 
circulation. Lung water balance and the occurrence of pul- 
monary edema is discussed thoroughly in an erudite chap- 
ter by A. E. Taylor and J. C. Parker. 

The chapters on lung metabolism are introduced by one 
on oxygen utilization and toxicity in the lungs, by A. B. 
Fisher and H. J. Forman. This chapter is an outstanding 
example of the value of this book, for it brings together 
material from many sources to demonstrate the bioener- 
getics of the lung and the special mechanisms developed 
for the high oxygen environment of the lung cells that can 
be homeostatic or pathogenic. Subsequent chapters on glu- 
cose metabolism, by D. F. Tierney and S. L. Young, protein 
metabolism, by D. Massaro, and lipid synthesis, by R. J. 
King and J. A. Clements confirm the depth of knowledge 
being accumulated. 

The next four chapters discuss humoral materials that 
are regulated by or synthesized by lung tissues. These chap- 
ters on 5-hydroxytryptamine, angiotensin, and eicosanoids 
are interesting; the one by M. Hamosh and F. Hamosh on 
lipoproteins and lipoprotein lipase is particularly stimulating. 

The final four chapters all concern functions more di- 
rectly related to pathology. Macrophages in the respiratory 
tract are discussed by J. D. Brain, the importance of cilia by 
P. Satir and E. R. Dirksen, blood coagulation by R. W. 
Colman and A. Z. Budzynski, and the interaction between 
platelets and the blood vessel wall by R. Ross and S. M. 
Schwartz. The last two chapters are particularly relevant to 
the pathophysiology of systemic disease because it is finally 
becoming clear that the basis for the apparent paradox that 
the initiating events of coagulation may not be the same as 
those determining hemostasis lies in the process of cell-to- 
cell communication. The significance of this has barely been 
appreciated in clinical practice, and therefore it is a fitting 
conclusion to an exciting, innovative, and information-packed 
volume. 

In general, the chapters are well-written and well-illus- 
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trated. If a concise but thorough and critical treatment of 
one or all of these topics is required for the researcher or 
clinician, a better source would be hard to find. 

Only one general criticism seems warranted, and that is 
that three years appear to have elapsed between the prep- 
aration of the manuscripts and their publication. For such 
active fields of investigation, this is an inordinately long 
time. Nevertheless, this is a book that will be stimulating 
to all who are seriously interested in the basis of function 
and pathophysiology in the lung. 


Bryan E. Marshall, MD, FRCP, 

Horatio C. Wood Professor of Anesthesia 

Director, McNeil Center for Research in Anesthesia 
University of Pennsylvania 

Philadelphia, PA 19104 








Pulmonary Development, Transition from 
Intrauterine to Extrauterine Life 

G. H. Nelson, ed. New York: Marcel Dekker, Inc., 1985, 
536 pp, $70.00 (US and Canada), $90.00 (all other 
countries). 


This book is Volume 27 in the series entitled “Lung Biology 
in Health and Disease” (Claude Lenfant, ed.). The general 
content of this book includes abnormal pulmonary function 
in genetically normal premature infants. The book has been 
organized to present in a temporal way pulmonary matu- 
ration from early lung development in utero to long-term 
follow-up of survivors of respiratory distress syndrome. 

The first four chapters are concentrated in the basic sci- 
ences and include early prenatal development of the human 
respiratory system, the morphology of lung development, 
the developmental biochemistry of lung surfactant, and fe- 
tal breathing activity. The next part focuses on the obste- 
trician’s evaluation of the fetus by amniocentesis, amniotic 
fluid analysis, and amniotic fluid lecithin concentrations. 
There is a section focusing on the factors influencing pul- 
monary maturity such as diet (deficiency of palmitic acid), 
maternal drugs, and maternal-fetal disorders. There are 
discussions of the modern maternal transport system, the 
use of tocolytics, the instillation of surfactant into the tra- 
chea, and a review of neonatal resuscitation. 

The neonatal intensive care unit is then described, with 
reference to perinatal regionalization and a general survey 
of all the respiratory distress syndromes seen in the neo- 
nate. Separate chapters are given both to the survivors and 
nonsurvivors of respiratory distress syndrome, with special 
reference to the pathology of bronchopulmonary dysplasia 
and long term consequences on somatic growth and the 
central nervous system. 

The final chapter offers a look into the future summa- 
rizing the various authors’ views of their specialty areas. 
Considering all aspects, the book is quite interesting and 
thought-provoking. However, it is more oriented to the 
obstetrician, perinatalogist, and/or the neonatalogist. In spite 
of the many authors, Dr. Nelson has edited well, avoiding 
any repetition, and the list of references at the end of each 
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chapter is exceptionally complete. On the negative side is 
the fact that seven of nineteen chapters are authored by 
faculty from one institution, thus presenting a parochial 
view of the subject. The obstetrical and/or pediatric anes- 
thesiologist might find this book more informative and use- 
ful than the anesthesia resident or the general anesthesiol- 
ogist. For the person desiring a review of the current state 
of the art of lung development from fetus to newborn, this 
treatise should suffice. 


John G. Shutack, DO 

Assistant Professor of Anesthesiology and Pediatrics 
Haknemann University 

Philadelphia, PA 19102 








Monitoring in Anesthesia and Critical 

Care Medicine 

C. D. Blitt, ed. New York: Churchill Livingstone, 1985, 
740 pp, $79.00. 


A new book on a familiar topic is always faced with justi- 
fying its existence, especially when established texts of ac- 
knowledged quality with up-to-date information and lower 
cost are available. Does Monitoring in Anesthesia and Critical 
Care Medicine meet the test and justify itself as a current, 
high-quality tome with an equal or superior position to 
existing books on monitoring? 

Monitoring in Anesthesia and Critical Care Medicine is an 
authoritative work in which a large number of current and 
clinically relevant monitoring issues are discussed. The au- 
thorship of each chapter reflects the high caliber of the 
contributors, many of whom are acknowledged experts in 
their field. Perhaps the strongest praise of this book is the 
fact that most of its chapters have the ability to stand alone, 
providing extensive considerations of their topics. The chapter 
by Dr. Vandam, “The Senses As Monitors,” is particularly 
noteworthy for its ability to survey years of experience 
watching the exponential growth of monitoring technology, 
yet still being able to find an indispensable place in today’s 
world for the individual, the anesthesiologist, in the clini- 
cally beneficial coupling of patient and hardware. 

Although the individual authors and their considerations 
of individual topics goes a long way toward establishing a 
place on the shelf for this new book, the conglomerate struc- 
ture of the text is confusing. The title of the book suggests 
that it has considered monitoring both in and out of the 
operating room, perhaps under major headings of pre- 
anesthetic, intraoperative, recovery, and intensive care set- 
tings. This is not the case. These phases are explored, but 
in a nonuniform and segregated fashion throughout various 
chapters. In certain cases, little or no consideration is given 
to perianesthetic monitoring methods. An example of this 
is the sparse information provided on preanesthetic or in- 
traoperative use of radionuclide and echocardiographic 
monitoring of the cardiovascular system. Another neglected 
topic is intensive care unit clinical monitoring of the ade- 
quacy of respiratory function essential for establishing cri- 
teria for endotracheal extubation. 
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The structure selected for this book is an organ systems 
approach followed by an applications section to specific 
anesthetic subspecialties. Priority has been given to cardio- 
vascular, respiratory, and neurosensory monitoring. Four 
hundred and forty-seven pages (61 percent of the text) are 
devoted to these topics. Part of the reason for the larger 
than necessary number of pages devoted to these areas is 
that topics related but not specific to monitoring are in- 
cluded. Pharmacologic therapy of dysrhythmias, for ex- 
ample, is well discussed in the chapter on “Electrocardio- 
graphic Monitoring.” The question that needs answering, 


Yo thewever,is:the appropriateness of pharmacologic therapy 
ae in a text on monitoring. 


* The separation of an organ system and its clinical ap- 
' plication seems artificial and repetitious. The chapter on 
“Monitoring In Cardiac Anesthesia,” for example, neatly 
. summarizes much of the material in the chapters from the 
. section on “Monitoring the Cardiovascular System.” Blend- 
ing this material into one, rather than two separated sec- 
tions, might have been a more efficient and effective way 

to. present the information. Even within the same major 
“heading, ‘considerable repetition is obvious. Cannulation 
- sites, for example, are discussed in both the chapter on 
“Central Venous Pressure Monitoring” and the chapter on 
“Pulmonary Artery Catheterization.” Mass spectrometry is 
another example, present in “Monitoring Anesthetic and 
Respiratory Gases” and “Monitoring the Anesthetic Deliv- 
ery System.” 

All other monitoring apart from cardiovascular, respi- 
ratory, and neurosensory is included in the section headed 
“Miscellaneous Monitoring.” This judgmental relegation of 
temperature, renal, electrolyte, coagulation, anesthetic de- 
livery system, and neuromuscular monitoring to the ““Mis- 
cellaneous” category may be misdirected emphasis. Only 
98 pages (13 percent of the text) are devoted to all of these 
important topics. A similar situation exists in the “Moni- 
toring and Subspecialties” section, where pediatric, ob- 
‘stetric, and outpatient monitoring is reviewed in only 87 


E ‘pages (12 percent of the text). Although the chapter on 


' evoked ‘potential monitoring is important and very well 
presented, does it deserve to be 9 percent of a general ref- 
erence text? Why is there little or no information provided 
on monitoring in the recovery room, the intensive care unit, 
or on related topics such as acquisition and maintenance of 
monitoring equipment and electrical and occupational safety? 

The editor's preface to Monitoring in Anesthesia and Critical 
Care Medicine states several reasons for writing this new text 
on a familiar topic. First stated is “the need . . . for a com- 
plete, state-of-the-art text on monitoring.” This new text 
considers its subject well but doesn’t completely replace 
existing books. As for being “state-of-the-art,” this is almost 
impossible for a book, several years in the writing, about a 
field in which the technology is changing every few months. 
Though published in 1985, even this book has scant infor- 
mation on pulse oximetry, for example, which has recently 
become a standard, almost essential monitoring method. 
The most up-to-date information about monitoring can be 
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provided to the reader only in a frequently published, loose- 
leaf format, rather than an infrequently published bound 
text. A second reason mentioned for writing this text is to 
provide information “on monitoring, with an emphasis on 
the fields of anesthesia and critical care medicine.” Yet as 
stated earlier, the second half of this aim (surveying mon- 
itoring and critical care medicine) has not been fully realized. 
The last reason provided by the editor for having written 
this new book is to have it serve as “a general reference on 
monitoring and as such . . . [differ] . . . from other publi- 
cations on the subject of monitoring.” Although it does not 
differ from other monitoring texts, it is a good, current, 
general reference. For that reason, the answer to this re- 
viewer's original question, does this text justify its own 
existence, is basically affirmative. At present, the most ap- 
propriate shelf for this volume is that in a reference library. 
A recommendation to change the location to a shelf in 
everyone’s personal library will require the next edition of 
this text to be streamlined, consolidated, less narrow in its 
topical considerations, and more competitively priced. 


Alan Jay Schwartz, MD, MSEd 

Associate Professor of Anesthesia 

Hospital of the University of Pennsylvania and 
The Children’s Hospital of Philadelphia 
Philadelphia, PA 19104 


Labat’s Regional Anesthesia, Techniques and 
Clinical Applications (4th ed.) 

John Adriani, ed. St. Louis: Warren H. Green, Inc., 1985, 
744 pp, $75.00. 


. the general opinion is erroneous which considers 
the practice of regional anesthesia to mean simply the 
accomplishment of a few injections, or the adminis- 
tration of a few ounces of anesthetic solution to a 
patient who cannot take ether. 


So wrote Gaston Labat in 1922 in a “General Discussion on 
the Value of Regional Anesthesia,” a chapter in the first 
edition of his landmark text. A condensation of the author's 
collective experience of thousands of cases, its object was 
to promote rapid acquisition of a working knowledge of 
regional anesthetic techniques. Written for surgeons, it was 
the first comprehensive book on the subject. Chapters were 
organized by body area, with description of block tech- 
niques following a brief anatomical review. Extensive dis- 
cussion of theory was intentionally omitted. After being out 
of print for more than thirty years, the text was revived in 
1967 by John Adriani, who was well-suited to the task, given 
his many contributions to the field and his training as a 
study at Bellevue with Labat’s protégé, Wertheim. Adriani 
has preserved Labat’s format, the exceptional diagrams and 
pilates, and much of the original text. 

A burgeoning interest in regional anesthesia over the 
last two decades has prompted publication of numerous 
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texts and revival of the American Society for Regional Anes- 
thesia. Into this climate Adriani has introduced a fourth 
edition of Labat, newly available after a hiatus of thirteen 
years. Inherent in this task was a dual challenge: how to 
preserve the flavor of a classic, yet ensure its viability as a 
reference of more than historical import? The solution is a 
composite of Labat’s original, augmented by knowledge of 
physiology, pharmacology, and anesthetic methods new 
since the last printing. 

When compared to its predecessor, there is much fa- 
miliar information in this edition. Two new chapters, “Top- 
ical Anesthesia” and “Early History and Foundations of 
Regional Anesthesia,” are appended to the unchanged or- 
der of the first seventeen. The latter retain much of their 
1967 text and the character of Labat’s original, with note- 
worthy additions and revisions. Discussion of method in 
chapter one mentions the role of preservatives in the allergic 
response to local anesthetics and the suitability of regional 
techniques for ambulatory surgery. A completely revamped 
section on drugs for regional anesthesia follows, expanded 
to include mechanisms of action, physicochemical charac- 
teristics, and the spectrum of drug allergy. Updated ref- 
erences include the author’s work on local anesthetic tox- 
icity and allergy. 

Practical instruction in blocks of cranial, spinal, and auto- 
nomic nerves are vintage Labat. Adriani has modernized 
the phraseology for today’s reader and incorporated newer 
techniques, such as the perivascular approach to the bra- 
chial plexus, refined by Alon Winnie. The chapter on spinal 
anesthesia was authored in 1967 by Adriani to replace the 
outmoded material in earlier editions; it is minimally changed 
here by a discussion of spinal anatomy and inclusion of 
lidocaine and bupivacaine into the armamentarium with 
older agents dibucaine, procaine, and tetracaine. The rising 
popularity of epidural anesthesia has prompted an ex- 
panded discussion of anatomic considerations, current drugs, 
saline and blood patches, and complications of the tech- 
nique. A token paragraph on intraspinal narcotics in this 
chapter discusses the intrathecal route of administration 
only. Commentary on the kinetics of opioids in the CSF 
and on their side effects is totally absent. Topical anesthesia, 
the oldest regional technique, merits a new chapter, the 
depth and detail of which make it a useful, quick reference 
for both anesthesiologists and surgeons. 

A fitting close for the book is the retrospective chapter 
on the origins and development of regional anesthesia. 
Landmark discoveries, contested “firsts” in the chronology, 
and stories that over the decades have become legendary 
provide pleasurable reading. Enjoyment of this section is 
somewhat marred, however, by frequent (and sometimes 
flagrant) typographical errors. All the new material incor- 
porated into this edition suffers for want of vigorous proof- 
reading. This, and the lack of updated bibliographic ref- 
erences, constitute its most obvious shortcomings. 

Where Labat once stood alone, he is now joined on the 
bookshelf by multiple volumes in the expanding field of 
regional anesthesia. None today can claim to be ency- 
clopedic, but this forebear is unequalled in its clarity of 
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explanation and impeccable illustrations. As such, it re- 
mains the Baedecker of block books, a reliable guide to the 
goal best described in Labat’s final paragraphs, 1922: 


The practice of regional anesthesia is an art. It requires 
special knowledge of anatomy, skill in the perform- 
ance of its various procedures, experience in the method 
of handling patients, and gentleness in the execution 
of surgical procedures. 


Andrea M. Baldeck, MD 
Assistant Professor of Anesthesia 
University of Pennsylvania 
Philadelphia, PA 19104 





Classical Anesthesia Files 
David M. Little jr. Park Ridge, IL: Wood Library-Museum 
of Anesthesiology, 1985, 335 pp, $35.00. 


For me, one of the highlights of Survey of Anesthesiology has 
always been its Classical File, a regular feature since the 
journal’s 1957 inception, conducted by Dr. David Little until 
his death in 1981. It consisted of a classic article, along with 
Little’s erudite, witty commentary, written in an elegant 
and graceful style. Clearly others feel the same, for those 
150 commentaries and landmark articles (the latter in abridged 
form) have been collected and published in one volume by 
the Wood Library-Museum of Anesthesiology. 

As stated in the preface, “Dr. Little culled medical lit- 
erature from the 18th century through the 1960s for seminal 
papers which led to landmark changes in the evolution of 
anesthesiology. Identifying these important contributions 
was only the beginning. What evoked genuine awe of Dr. 
Little’s achievements was his originality of concept, breadth 
of treatment, and depth of knowledge apparent in each of 
his introductory comments preceding each reprint of an 
historical contribution. His clear flowing style of a storyteller 
transformed his pleasure in writing to pleasure in reading.” 

This is so; pick any of his comments and see. For ex- 
ample, on the importance of curare in anesthetic practice: 
“No longer was it necessary to employ deep and toxic levels 
of general anesthesia in the hope that, like a shotgun blast, 
the pellets of the single agent would strike all the various 
physiologic systems of the body necessary in order to pro- 
vide the essential facets of general anesthesia .. .” Or on 
premedication: “If the patient could reply to ‘good after- 
noon’ when he was wheeled into the operating room suite, 
he immediately received ... morphine and . . . scopola- 
mine intravenously on the spot!” 

The book is arranged chronologically by classic article, 
beginning in 1775 with Priestly and Lavoisier; through Long, 
Morton, Jackson, and Wells; and ending with the 1967 pub- 
lication of the National Halothane Study and the first clinical 
report on pancuronium. It is a walk through anesthetic 
history conducted by a master. Surely it ranks with Stanley 


oykes’s Essays as a most felicitous book that gives satisfac- 
tion and pleasure and knowledge each time it is picked up. 


Lee H. Cooperman 
Professor of Anesthesia 
University of Pennsyloania School of Medicine 
Philadelphia, PA 19103 


1985 Yearbook of Critical Care Medicine 
M. Rogers, et al. Chicago: Yearbook Medical Publishers, 
1985, 493 pp, $42.95. : 


- This text is the third in the annual Yearbook series of Critical 
Care Medicine. The 1985 Yearbook of Critical Care Medicine is 
edited by Mark Rogers, MD, in conjunction with six mem- 
bers of the Johns Hopkins University School of Medicine 
faculty. The book provides a condensed summary of articles 
relevant to critical care medicine, along with a critique of 
each article reviewed. As noted in the introduction to this 
book, critical care medicine crosses traditional departmental 
lines. Accordingly, the literature relevant to the field can 
be found in journals representing numerous disciplines of 
medicine. The 1985 Yearbook of Critical Care Medicine reviews 
324 articles from 91 journals representing several countries. 

The text.is divided into 14 sections covering a broad 
scope of topics ranging from shock and trauma to socio- 
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economic and ethical issues. The articles cover both basic 
science investigation and clinical studies, including case re- 
ports. The most comprehensive section deals with cerebral 
hemodynamics. Subjects covered in this section include 
cerebral protection, pharmacologic interventions, effect and 
management of increased intracranial pressure, cerebral blood 
flow, and cerebral metabolism. In general, the sections are 
well-balanced and will be useful to any physician involved 
in the care of critically ill patients. However, the section on 
operative monitoring will be particularly useful to the clin- 
ical anesthesiologist, whereas the section on nutritional con- 
siderations will be of interest primarily to anesthesiologists 
and other physicians involved in the ongoing care of crit- 
ically ill patients. 

The summaries are concise and easy to read. The editors’ 
comments are generally scholarly, pertinent, and clinically 
applicable. The book is an excellent review of the current 
state of the art and science in the management of critically 
ill patients. Anesthesiologists will find the material in this 
book very useful in caring for critically ill patients, both in 
the operating suite and in intensive care units. 

Morris Brown, MD 

Assistant Professor of Anesthesiology 
Wayne State University School of Medicine 
Director, Critical Care Services 

Sinai Hospital of Detroit 

Detroit, MI 48235 
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A Guide for Authors 


Manuscripts should be sent to: 


Nicholas M. Greene, MD 

Editor in Chief 

Anesthesia and Analgesia 

Yale University School of Medicine 

333 Cedar Street, New Haven, CT 06510 


Editorial Policies 

Anesthesia and Analgesia is the oldest publication for the specialty 
of anesthesiology. Established 60 years ago, the Journal is the of- 
ficial voice of the International Anesthesia Research Society. It pub- 
lishes original articles, clinical reports, technical communications, 
review articles, and letters to the editor to provide researchers, 
practicing physicians, and allied medical personnel in anesthe- 
siology and related disciplines with monthly information to keep 
them current with the latest issues and advances in the field. 

All papers are reviewed by three or more referees. Acceptance 
is based upon significance, originality, and validity of the material 
presented, Only one copy of the articles not accepted for publi- 
cation will be returned to the author. 

All papers will be edited for clarity, style, factual accuracy, 
internal logic, and grammar. The submitted manuscript should be 
accompanied by a covering letter that must include a statement to 
the editor about all submissions and previous reports that might 
be regarded as prior or duplicate publication of the same, or very 
similar, work. The title page and abstract of such material should 
be included with the submitted manuscript to help the editor decide 
how to deal with the matter. 

Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals,” reprinted in Annals of Internal Medicine 
1982;96:766-71 and Lancet 1982;284:1766-70. 

Use the checklist given below for preparation of manuscripts: 


General 


~ Original articles describe in 3000 words or less clinical or labo- 
ratory investigations. 

w Clinical reports describe in 1000 words or less either new and 
instructive case reports or anesthetic techniques and equipment 
of demonstrable originality, usefulness, and safety. 


_ Technical communications are papers that deal with instru- 
mentation and analytic techniques. 


L Review articles of 2500 to 4000 words collate, describe, and 
evaluate previously published material to aid in evaluating new 
concepts, 


_. Letters to the editor, less than 300 words in length, include brief 
constructive comments concerning previously published articles 
or brief notations of general interest. The manuscripts must be 
double spaced, and a title and three copies must be provided. 

_. Type manuscripts on white bond paper, 216 by 279 mm (8-1/2 

by 11 in.) or ISO A4 (212 by 297 mm) with margins of at least 

25 mm (1 in) using double spacing throughout. 


LJ Begin each of the following sections on separate pages: title 
page, abstract and key words, text, acknowledgments, refer- 
ences, tables (each table, complete with title and footnotes, should 
be on a separate page), and legends. Type only on one side of 
the paper and number pages consecutively, beginning with the 
title page. Type the page number in the upper right-hand corner 
of each page. 

_. Submit three copies of manuscript and figures in a heavy paper 
envelope. Submitted manuscripts should be accompanied by a 
covering letter, and permissions to reproduce previously pub- 
lished materials or to use illustrations that may identify subjects. 

_. Authors should keep copies of everything submitted. 


Title Pa ge 


L The title page should contain the title of the article, which should 
be concise but informative; 


~ A short running head or footline of no more than 40 characters 
(count letters and spaces) placed at the foot of the title page and 
identified; 

u First name, middle initial, and last name of each author, with 

highest academic degree(s); 


L! Name of department(s) and institution(s) to which the work 
should be attributed; 


Disclaimers, if applicable; 


Name and address of author responsible for correspondence 
about the manuscript; 


L Name and address of author to whom requests for reprints 
should be addressed, or a statement that reprints will not be 
available from the author; 


(| The source(s) of support in the form of grants. 


Abstract and Key Words 


Q The second page should carry an abstract of not more than 150 
words. 


The abstract should state the purposes of the study or investi- 
gation, basic procedures (study subjects or experimental ani- 
mals; observational and analytic methods), main findings (give 
specific data and their statistical significance, if possible), and 
the principal conclusions. Emphasize new and important as- 
pects of the study or observations. 


Define all abbreviations except those approved by the Inter- 
national System of Units. 


Key (indexing) terms: Below the abstract, provide (and identify 
as such) 3 to 10 key words or short phrases that will assist 
indexers in cross indexing the article and that may be published 
with the abstract. 


E 
Ey 


[J 


[J 


Text 


[ The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings 
Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their 
content, especially in the Results and Discussion sections. 


[C] Case reports, reviews, and editorials do not require the above 
sections. 


Introduction: Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly 
pertinent references, and do not review the subject extensively. 


L Methods: Describe the selection of observational or experimenta! 
subjects (patients or experimental animals, including controls) 
clearly. Identify the methods, apparatus (manufacturer's name 
and address in parentheses), and procedures in sufficient detail 
to allow other workers to reproduce the results. Give references 
to established methods, including statistical methods; provide 
references and brief descriptions for methods that have been 
published but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate 
their limitations. 

[d Identify precisely all drugs and chemicals used, including ge- 
neric name(s), dosage(s), and route(s) of administration. 

L Do not use patients’ names, initials, or hospital numbers. 

i Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suit- 
ably presented in the form of one or more appendixes. 
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Results: Present the results in logical sequence in the text, tables, 
and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations; emphasize or summarize only im- 
portant observations. 


Discussion: Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate 
the observations to other relevant studies. Link the conclusions 
with goals of the study but avoid unqualified statements and 
conclusions not completely supported by the data. Avoid claim- 
ing priority and alluding to work that has not been completed. 
State new hypotheses when warranted, but clearly label them 
as such. 


Recommendations, when appropriate, may be included. 


References 


Number references consecutively in the order in which they are 
first mentioned in the text, except in review articles when ref- 
erences may be arranged alphabetically. 


Identify references in text, tables, and legends by arabic nu- 
merals (in parentheses, on line). 

Use the style of the examples below, which are based on the 
format used by the US National Library of Medicine in Index 
Medicus. 

The titles of journals must be abbreviated according to the style 
used in Index Medicus. 

Try to avoid using abstracts as references; “unpublished obser- 
vations” and “personal communications” may not be used as 
references although references to written, not verbal, commu- 
nications may be inserted (in parentheses) in the text. Infor- 
mation from manuscripts submitted but not yet accepted should 
be cited in the text as “unpublished observations” (in paren- 
theses). Authors citing as references articles from their own group 
that are in press and that have a bearing on the paper submitted 
should enclose 3 copies of an abstract of such in press materials. 


References must be verified by the author(s) against the original 
documents. 


C Examples of correct forms of references are given below: 


journals: 


1. 


Standard Journal Articles (List all the authors when six or less; 
when seven or more, list only the first three and add et al.) 
You CH, Lee KY, Chey RY, Menguy R. Electrogastrographic 
study of patients with unexplained nausea, bloating and vom- 
iting. Gastroenterology 1980;79:311-4. 


. Corporate Author 


The Royal Marsden Hospital Bone-Marrow Transplantation 
Team. Failure of syngeneic bone-marrow graft without pre- 
conditioning in post-hepatitis marrow aplasia. Lancet 1977;2: 
242-4. 


._ No Author Given 


Anonymous. Coffee drinking and cancer of the pancreas (Ed- 
itorial). Br Med J 1981;283:628. 


. Journal Supplement 


Mastri AR. Neuropathy of diabetic neurogenic bladder. Ann 
Intern Med 1980;92(2 Pt 2):316-8. 

Frumin AM, Nussbaum J, Esposito M. Functional 
asplenia: demonstration of splenic activity by bone marrow 
scan (Abstract). Blood 1979;54(suppl 1):26a. 


. Journal Paginated by Issue 


Seaman WB. The case of the pancreatic pseudocyst. Hosp Pract 
1981;16(Sep):24-5. 


Books and Other Monographs: 
6. Personal Authors) 


Eisen HN. Immunology: an introduction to molecular and cel- 
lular principles of the immune response. 5th ed. New York: 
Harper and Row, 1974:406. 


7. Editor, Compiler, Chairman as Author 
Dausset J, Colombani J, eds. Histecompatibility testing 1972. 
Copenhagen: Munksgaard, 1973:12-8. 


8. Chapter in a Book 
Weinstein L, Swartz, NM. Pathogenic properties of invading 
microorganisms. In: Sodeman WA, Jr, Sodeman WA, eds. 
Pathologic physiology: mechanisms of disease. Philadelphia: 
WB Saunders, 1974:457-72. 


9. Published Proceedings Paper 
DuPont B. Bone marrow transplantation in severe combined 
immunodeficiency with an unrelated MLC compatible donor. 
In: White HJ, Smith R, eds. Proceedings of the third annual 
meeting of the International Society for Experimental Hema- 
tology. Houston: International Society for Experimental Hem- 
atology, 1974:44—6. 


10. Monograph in a Series 
Hunninghake GW, Gadek JE, Szapiel SV, et al. The human 
alveolar macrophage. In: Harris CC, ed. Cultured human cells 
and tissues in biomedical research. New York: Academic Press, 
1980:54-6. (Stoner GD, ed. Methods and perspectives in cell 
biology; vol. 1). 


11. Agency Publication 
Ranofsky AL. Surgical operations in short-stay hospitals: 
United States—1975. Hyattsville, Maryland: National Center 
for Health Statistics, 1978; DHEW publication no. (PHS) 78- 
1785. (Vital and health statistics; series 13; no. 34). 


12. Dissertation or Thesis 
Cairns RB. Infrared spectroscopic studies of solid oxygen (Dis- 
sertation). Berkeley, California: University of California, 1965. 
156 pp. 
Tables 
C Type each table double spaced on a separate sheet. Do not 
submit tables as photographs. 
Number tables consecutively and supply a brief title for each. 
Give each column a short or abbreviated heading. 
Place explanatory matter in footnotes, not in the heading. Ex- 
plain in footnotes all nonstandard abbreviations that are used 
in each table. For footnotes, use lowercase italicized letters in 
alphabetical order. 
Do not use internal horizontal or vertical rules. 
Cite each table in the text in consecutive order. 


If data are used from another published or unpublished source, 
obtain permission and acknowledge fully. 


The editor, on accepting a manuscript, may recommend that 
additional tables containing important backup data too exten- 
sive to publish be deposited with the National Auxiliary Pub- 
lications Service or made available by the author(s). In that event, 
an appropriate statement will be added to the text. Submit such 
tables for consideration with the manuscript. 
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Illustrations 


M] Submit three complete sets of figures. Figures should be profes- 
sionally drawn and photographed; freehand or typewritten let- 
tering is unacceptable. Note: Art work of published articles will 
not be returned. 
Instead of original drawings, roentgenograms, or other material 
send sharp, unmounted, glossy black-and-white photographic 
prints, usually 127 by 173 mm (5 by 7 in) but no larger than 
203 by 254 mm (8 by 10 in). 
Letters, numbers, and symbols should be clear and even through- 
out and of sufficient size that, when reduced for publication, 
each item will still be legible. Titles and detailed explanations 
belong in the legends for illustrations, not on the illustrations 
themselves. 
C} Each figure must have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of 
the figure. Do not write on the back of the figures or mount 


a 


(J 


them on cardboard, or scratch or mar them by using paper clips. 
Do not bend figures. 


L Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with the background. 


L] If photographs of patients are used, either the subjects must 
not be identifiable or their pictures must be accompanied by 
written permission to use the photograph. 


Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit 
written permission from the copyright holder to reproduce the 
material. Permission is required, regardless of authorship or 
publisher, except for documents in the public domain. 


~ For illustrations in color, supply color negatives or positive tran- 
sparencies and, when necessary, accompanying drawings marked 
to indicate the region to be reproduced; in addition, send two 
positive color prints to assist editors in making recommenda- 
tions. Illustrations will be published in color only if the author 
pays for the extra cost. 


Legends for Illustration 


_! Type legends for illustrations double spaced starting on a sep- 
arate page, with arabic numerals corresponding to the illustrations. 


C When symbols, arrows, numbers, or letters are used to identify 
parts of the illustrations, identify and explain each one clearly 
in the legend. Explain internal scale and identify method of 
staining in photomicrographs. 
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Abbreviations 


| The full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of measure- 
ment, Avoid abbreviations in the title. 


_ Do not synthesize new or unusual abbreviations. When many 
abbreviations are used, include all in a box of definitions at the 
Start of the article. 


© Consult the following sources for abbreviations: 


1. CBE Style Manual Committee. Council of Biology 
Editors style manual: a guide for authors, editors, and pub- 
lishers in the biological sciences. 4th ed. Arlington, V irginia: 
Council of Biology Editors, 1978; and 

2. O'Connor M, Woodford FP. Writing scientific papers in En- 
glish: an ELSE-Ciba Foundation guide for authors. Amster- 
dam: Elsevier-Excerpta Medica, 1975. 


Ethical Principles 

(| When reporting experiments on human subjects, indicate whether 
the procedures followed were in accord with the ethical stan- 
dards of the Committee on Human Experimentation of the in- 
stitution in which the experiments were done or are in accord 
with the Helsinki Declaration of 1975. 


L When reporting experiments on animal subjects, indicate whether 
the institution’s or the National Research Council’s guide for 
the care and use of laboratory animals was followed. 


Exclusive Publication Statement 


LJ The principal author of all materials submitted for publication 
(except letters to the editor) must include in a covering letter a 
statement to the effect that none of the material in this manu- 
script has been published previously nor is any of this material 
currently under consideration for publication elsewhere. 


_} Authors will be asked to transfer copyright of articles accepted 
for publication to the International Anesthesia Research Society, 
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Tracrium is easily administered —requires 
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Please see next page for brief summary of Prescribing Informat 





Over a decade 
of on-line 
antiemetic 
experience 


Inapsin 


> Proven in double-blind studies to provide postoperative 
antiemetic effect (when given perioperatively) that is 
significantly superior to placebo,'? diazepam? and 


hydroxyzine?* 


> Potent antiemetic activity extends through discharge 


from recovery room 


> May be administered intraoperatively in long 


short procedures 


procedures as well as preoperatively in both long and 


> Helps maintain cardiovascular stability by protecting 
against hypertensive episodes, heart rate changes and 


the pressor and arrhythmogenic effects of epinephrine 


> Facilitates a comfortable, anxiety-free emergence, 
reducing the need for postoperative opioids 





droperidol) Injection 


Significantly Superior Postoperative Antiemetic Prophylaxis 


Before prescribing please consult complete prescribing information, 


of which the following is a brief summary. 

Protect from light. Store at room temperature. 

FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
Droperidol is a neuroleptic (tranquilizer) agent. 


DESCRIPTION: 2 mi. and 5 mi. ampoules: Each mi. contains 
Droperidol 2.5 mg. and lactic acid for pH adjustment to 34 +04 
10 mi. vials: Each mi. contains Droperidol 2.5 mg. with 18 mg. 
methylparaben and 0.2 mg. propylparaben, and lactic acid for 

pH adjustment to 34 +04 
INDICATIONS: INAPSINE (droperidol) is indicated: * to produce 
tranquilization and to reduce the incidence of nausea and vamiting 
in surgical and diagnostic procedures: » for premedication. induc- 
tion. and as an adjunct in the maintenance of general and regional 
anesthesia: * in neuroleptanalgesia in which INAPSINE (droperidol) 
is given concurrently with a narcotic analgesic, such as SUBLIMAZE* 
(fentanyi) injection, to aid in producing tranquility and decreasing 
anxiety and pain. 


CONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated 
in patients with known intolerance to the drug. 


WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO 
MANAGE HYPOTENSION SHOULD BE READILY AVAILABLE. 
As with other CNS depressant drugs. patients who have received 
INAPSINE (droperidol) should have appropriate surveillance. 

If INAPSINE (droperidol) is administered with a narcotic analgesic 
such as SUBLIMAZE (fentanyl), the user should familiarize himself 
with the special properties of each drug, particularly the widely 
differing durations of action, In addition. when such a combination 
IS used, resuscitative equipment and a narcotic antagonist should 
be readily available ta manage apnea. See package insert for ten- 
tany! before using. Narcotic analgesics such as SUBLIMAZE ffen- 
tanyl) may cause muscle rigidity, particularly involving the muscles 
of respiration. This effect is related to the speed of injection. its 
incidence can be reduced by the use of slow intravenous injection. 
Once this effect occurs, it is managed by the use of assisted or 
controlled respiration and, if necessary by a neuromuscular block- 
ing agent compatible with the patient's condition. 

The respiratory depressant effect of narcotics persists longer 
than their measured analgesic effect. When used with INAPSINE 
(droperidol), the total dose of all narcotic analgesics administered 
shouid be considered by the practitioner before ordering narcotic 
analgesics during recovery trom anesthesia. itis recommended 
that narcotics. when required, be used initially in reduced dases as 
iow as Va to 3 those usually recommended. 


PRECAUTIONS: The initial dose of INAPSINE (droperidol) should 
be appropriately reduced in elderly. debilitated and other poor-risk 
patients. The effect of the initral dose should be considered in 
determining incremental doses. Certain forms of conduction anes- 
thesia, such as spinal anesthesia and some peridural anesthetics. 
can cause peripheral vasodilatation and hypotension because of 
sympathetic blockade. Through other mechanisms. INAPSINE 
(droperidal} can also alter circulation. Therefore, when INAPSINE 
(droperidol) is used to supplement these forms of anesthesia, the 
anesthetist should be familiar with the physiological alterations 
involved. and be prepared to manage them in the patients selected 
for this form of anesthesia. 

if hypotension occurs. the possibility of hypovolemia should be 
considered and managed with appropriate parenteral fluid therapy. 
Repositioning the patient to improve venous return to the heart 
should also be considered when operative conditions permit. ft 
should be noted that in spinal and peridural anesthesia. titing the 


patient into a head down position may result in a higher level of 
anesthesia than is desirable. as weil as impai venous return to 
the heart. Care should be exercised in moving and positioning of 
patients because of the possibility of orthostatic hypotension. if 
volume expansion with fluids plus other countermeasures do not 
correct the hypotension, then the administration of pressor agents 
other than epinephrine should be considered. Epinephrine may 
paradoxically decrease the blood pressure in patients treated with 
INAPSINE (droperidol) due to the aipha-adrenergic blocking action 
of droperidol. 

Since INAPSINE (droperidol may decrease pulmonary arterial 
pressure, this fact should be considered by those who conduct 
diagnostic or Surgical procedures where interpretation of pulmo- 
nary arterial pressure measurements might determine final man- 
agement of the patient. Vital sians should be monitored routinely 

Other CNS depressant drugs (e.g. barbiturates. tranquilizers, 
narcotics. and general anesthetics) have additive or potentiating 
effect with INAPSINE idropandol). When patients have received 
such drugs. the dose of INAPSINE {droperidol} required will be less 
than usual Likewise. following the adrrunistration of INAPSINE 
(droperidol). the dose of other CNS depressant drugs should be 
reduced. 

INAPSINE (droperidol) should be adrnimstered with caution to 
patients with hver and kidnay dysfunction because of the impor- 
tance of these organs in the metabolism and excretion of drugs. 

When the EEG is used for postoperative monitoring, it may be 
found that the EEG pattern returns to normal slowly. 

Since INAPSINE (droperidol) is frequantly used with the narcotic 
analgesic SUBLIMAZE (fentany!}. it should be noted that fentany! 
may produce bradycardia. which may be treated with atropine: 
however. fentany! should be used with caution in patients with 
cardiac bradyarrhythmias. (See full prescribing information for 
complete description) 

ADVERSE REACTIONS: The most common adverse reactions 
reported to occur with INAPSINE (droperidol) are mild to moderate 


hypotension and occasionally tachycardia. but these effects usually 


subside without treatment. If hypotension occurs and is severe or 
persists. the possibility of hypovolemia should be considered and 
managed with appropriate parenteral fluid therapy. Postoperative 

drowsiness is aiso frequently reported. 

Extrapyramidal symptoms (dystonia. akathisia. and oculogyric 
crisis} have been obser ved following administration of INAPSINE 
(droperidol). Restiessness, hyperactivity. and anxiety which can be 
either the result of inadequate dosage of INAPSINE (droperidol) or 
a part of the symptom complex of akathisia may accur When 
extrapyramidal symptoms occur they can usually be controlled 
with antiparkinson agents 

Other adverse reactions that have been reported are dizziness. 
chills and/or shivering, faryngospasm. bronchospasm and post 
operative halfucinaiory episodes (Sometimes associated with 
transient periods of mental depressioni 

When INAPSINE (droperidol) is used with a narcotic analgesic 
such as SUBLIMAZE (fentanyl), respiratory depression. apnea. and 
muscular rigidity can accur: if these remain untreated, respiratory 
arrest Could occur. 

Elevated biood pressure, with or without pre-existing hyperten- 
sion. has been reported folowing administration of INAPSINE 
(dropendol) combined with SUBLIMAZE (fentanyl) or other parem- 
teral analgesics This might be due to unexplamed alterations in 
sympathetic activity follow:ng large doses: however. its also ire 
quently attributed to anesthetic or surgical stimulation during light 
anesthesia. 


DOSAGE AND ADMINISTRATION: Dosage shouid be individualized 
Some of the factors to be considered in determining the dose are 
age. body weight. physical status, underlying pathological condi- 
tion, use of other drugs. type of anesthesia to be used. and the 
surgical procedure involved. 

Vital signs Should be monitored routinely 

Usual Adult Dosage 

| Premedication—(to be appropriately modi fied in the elderly. 

debilitated. and those who have received other depressant 

drugs} 2.5 to 10 mg. (1 to 4 mi.) may be administered intra- 
muscularly 30 to 60 minutes preoperatively 

ll Adjunct to General Anesthesia 
Induction—2.5 mg. (1 mi) per 20 ta 25 pounds may be adminis- 
tered (usually intravenousiy) along with an analgesic and/or 
general anesthetic. Smalter doses may be adequate. The total 
amount af INAPSINE {droperidol} administered should be titrated 
to obtain the desired effect based on the individual patient's 
response. 

Maintenance—1.25 to 2.5 mg. (0.5 to 1 mij usually intravenously 
(see warning regarding use with ancien narcotic analgesic 
medication and the possibility of widely differing durations of 
action). 

if INNOVAR" injection is administered in addition to INAPSINE 
(droperidol), the calculation of the recommended dose of 
INAPSINE ‘dropendal) should inciude the droperido! contained 
inthe INNOVAR injection. See INNOVAR imiection Package Insert 
for full prescribing information. 

Use Without A General Anesthetic in Diagnostic Procedures— 
Administer the usuai LM. premedication 2.5 to 10 mg. (1 to å ml} 
30 to 60 minutes before the procedure. Additional 1.25 to 25 
mg. (0.5 to 1 mi} amounts of INAPSINE (droperidol) may be 
administered. usually intravenously {see warning regarding use 
with concomitant narcotic analgesic medication and the possi- 
bility of widely differing durations of action). 

Note: When INAPSINE (droperidol) is used in certain proce- 
dures, such as bronchoscopy appropriate topical anesthesia is 
Still necessary 

IV Adjunct to Regional Anesthesia—2.5 to 5 ma. (1 ta 2 mij may 

be administ ered intramuscularly or slowly intravenously when 

additional sedation is required. 

How Supplied: 2/7 and 5m! ampoutes—packages of 10: 

10 mi multipie-dose vials—packages of 10. 

US. Patent No. 3161645 

NDC 50458-010-02. NDC 50458 -010-05 NDC 50458-010-10 

March 1980, Revised June 1980 IP41C98-M 

Manufactured hy TAYLOR PHARMACAL CO for 
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Janssen Pharmaceutica inc. Piscalaway. New Jersey 08854 


REFERENCES: 1. Paton OMG dt Moon MR. Dannemiller Fi The 
prophylache antiemetic effect of dropenaal. Anesth Anai 1974:53:361-364 
2. Tometta FJ. A companser of droperidol, diazepam. and hydroxyzine 
nydrochiande as premedication. Anesth Anat 1977 56 496.580 

3. Mehta P Theriot E Mehrotra D. et al: Comparative evaluaon of 
Greanesthetic medications. Curt Ther Res 1984:35 713720. 
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From genes to behaviour 
-the central connection 


This is probably the most exciting 
time to be working in neuroscience. 
At last it seems as though many of 
the secrets of the nervous system 
are yielding to research. The genes 
for the acetyicholine receptor, the 
sodium channel and the three 
opioid peptide precursors have all 
been cloned. The crucial role of 
molecular genetics within neuro- 
science is firmly established. 

The new technology has demon- 
strated the ability of a handful of 
gene products to orchestrate a 
compiex sequence of behaviour in 
the marine mollusc Aplysia. Rapid 
progress is also being made in 
understanding how specific gene 
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Gene research in neuroscience is 
not the only area where activities are 
occuring at an explosive rate. PET 
studies of human cognitive function, 
computer monitoring of whole body 
and limb movement and psycho- 
physical testing of perceptual activi- 
ties are all contributing to our know- 
ledge of higher brain functions in 
health and disease. 

Trends in NeuroSciences is the 
only review journal which covers all 
aspects of neuroscience. Its unique 
style makes it accessible to re- 
searchers and students alike. Don't 
miss out on the excitement, sub- 
scribe to Trends in NeuroSciences 
today. 


products control development in the 
insect’s nervous system, or regulate 
the switching of transmitter produc- 
tion in adult mammalian neurons. 
Undoubtably molecular genetics 
will have a major impact on clinical 
neuroscience during the 1980s. 


Articles published in 1985 included: 

Acetylcholine receptor structure: a new twist in the story Charles F. Stevens 

The electroplax sodium channel revealed William Catterall 

MPTP and Parkinson's disease J. William Langston 

Are glial cells excitable after all? Joan Abbott 

Homeotic gene expression in Drosophila Michael, S. Levine and Cathy J. Wedeen 
How do growth cones grow? Carol Mason 


Neural and molecular mechanisms underlying information processing in Aplysia 
John H. Byrne 














‘special subscription rate 30% 
below the personal subscription is 
vailable for all students (under- 
ttaduate, graduate, postgraduate) 
. and neurology residents. The 1986 
| student subscription rate is UK 
- £21.00; USA and Canada US$37.00; 
~ Europe 98.00 Dutch Guilcers; Rest of 
© World 107.00 Dutch Guilders. 
_ Student subscriptions must be 
-accomplished by valid proof of 
| student status. 
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Subscription details 

Personal edition 1986 (12 issues) UK £30.00; USA and Canada US$52.00; Europe 140.00 Dutch 
Guilcers; Rest of World 152.00 Dutch Guilders. 

Library edition 1986 (12 issues + annual compendium) UK, USA, Canada, Europe 465.00 Dutch 
Guilcers/US$160.00: Rest of World 480.00-Dutch Guilders/US$ 166.00. 

Payment must accompany personal subscriptions and may be made by cheque, made out to 
‘Elsevier’ or by credit card. We accept Am Ex, VISA and Access/Mastercard/Eurocard. Please supply 
card number, expiry date, issuing bank (if appropriate), the cardholder's name and address and 
signature. 

Dutch Guilder price is definitive for Library Edition. 





Please send your subscriptions or request for a sample copy to one of the addresses below. 





Elsevier Publications (Cambridge) Elsevier Science Publishing Co Inc Elsevier Science Publishers 


68 Hills Road 52 Vanderbilt Avenue Biomedical Division 
Cambridge New York PO Box 1527 

CB2 iLA NY 10017 1O000AC Amsterdam 
UK USA The Netherlands 
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As safe 


as albumin or PPF 

In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparabie to 
those seen with albumin or plasma 
protein fraction (PPF). +? 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple tauma.°° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large voiumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 
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systemic sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection.” 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also has a negligible effect on sub- 
sequent blood typing or cross- 
matching.® 


As effective 


as albumin or PPF 
Comparative clinical studies have 
repeatedly demonstrated that Hespan 
is as effective as albumin or PPF in 
postoperative myocardial revasculari- 
zation, * and hemorrhagic, traumatic, 
or septic shock.*>’ 





American Critical Care 


No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter’°’ 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients! >’ And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 


of albumin or PPF 


Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information, contact 
the Medical Services Department, 
American Critical Care, 1600 Wauke- 
gan Road, McGaw Park, IL 60085. 
Phone 1-800-323-4980. 







Lifesaving, 
moneysaving 


HESPAN 


hetastarcn 


American Hospital Supply Corporation 


Please see references and brief summary of 
prescribing information on following page. 


References: L Diehl JT, Lester JL, Cosgrove DM: Clinical 
comparison of hetastarch and albumin in postoperative 
cardiac patients. Ann Thorac Surg 34 (6):674-679, 1982. 

2. Moggio RA, Rha CC, Somberg ED, et al: Hemodynamic 
comparison of albumin and hydroxyethyl starch in postop- 
erative cardiac surgery patients. Crit Care Med 11 (12}:943- 
$45. 1983. 3. Kirklin JK, Lell WA, Kouchoukos NT: Hydroxy- 
ethy! starch versus albumin for colloid infusion following 
cardiopulmonary bypass in patients undergoing myocardial 
revascularization, Ann Thorac Surg 37 {1):40-46, 1984. 

4, Puri VK, Paidipaty B. White L: Hydroxyethy! starch for 
resuscitation of patients with hypovolemia and shock. Crit 
Care Med 9 (12):833-837. 1981. 5. Shatney CH, Deepika K, 
Militello PR, et at: Efficacy of hetastarch in the resuscitation 
of patients with multisystem trauma and shock. Arch Surg 


118:804-809, 1983. 6. Daniels MJ, Strauss RG. Smith-Floss AM: 


Effects of hydroxyethyl starch on erythrocyte typing and 
blood crossmatching. Transfusion 22 (3):226-228, 1982. 

7, Rackow EC, Falk JL. Fein IA, et al: Fluid resuscitation in 
circulatory shock: A comparison of the cardiorespiratory 
effects of albumin, hetastarch, and saline solutions in 
patients with hypovoiemic and septic shock. Crit Care Med 
11(11):839-850, 1983. 


HESPAN (hetastarch) 


6% Hetastarch in 0.9% Sodium Chioride 
Injection 
CONTRAINDICATIONS 
Hetastarch is contraindicated in patients with severe 
bleeding disorders or with severe congestive cardiac and 
renal failure with oliguria or anuria. 
WARNINGS 
Large volumes may alter the coagulation mechanism. Thus, 
administration of hetastarch may result in transient proion- 
gation of prothrombin, partial thromboplastin and clotting 
times. With administration of large doses, the physician 
should also be alert to the possibility of transient prolonga- 
tion of bleeding time. 
Hematocrit may be decreased and plasma proteins diluted 
excessively by administration of large volumes of 
hetastarch. 
Usage in Leukapheresis: Significant declines in platelet 
counts and hemoglobin levels have been observed in 
donors undergoing repeated jeukapheresis procedures due 
to the volume expanding effects of hetastarch. Hemoglobin 
levels usually return to normal within 24 hours. Hemodilu- 
tion by hetastarch and saline may also result in 24 hour 
declines of total protein, albumin, calcium and fibrinogen 
values, 
Usage in Pregnancy: Reproduction studies have been 
Gone in mice with no evidence of fetal damage. Relevance 
to humans is not known since hetastarch has not been 
given to pregnant women. Therefore, it should not be used 
in pregnant women, particularly during early pregnancy, 
unless in the judgment of the physician the potential bene- 
fits outweigh the potential hazards. 
Usage in Children: No data available pertaining to use in 
children. 
The safety and compatibility of additives have not been 
established. 
PRECAUTIONS 
The possibility of circulatory overload should be kept in 
mind. Special care should be exercised in patients who 
have impaired renal clearance since this is the principal 
way in which hetastarch is eliminated. Caution should be 
used when the risk of pulmonary edema and/or congestive 
heart failure is increased. indirect bilirubin levels of 
0.83 mg% (normal 0.0-0.7 mg%) have been reported in 
2 out of 20 normal subjects who received multiple heta- 
starch infusions. Totai bilirubin was within normal limits at 
ali times; indirect bilirubin returned to norma! by 96 hours 
following the final infusion. The significance, if any, of these 
elevations is not known: however, caution should be 
observed before administering hetastarch to patients with 
a history of liver disease. 
Regular and frequent clinical evaluation and laboratory 
determinations are necessary for proper monitoring of 
hetastarch use during jeukapheresis. Studies should 
include CBC, total leukocyte and platelet counts, jeukocyte 
differential count, hemoglobin, hematocrit, prothrombin 
time {PT}, and partial thromboplastin time (PTT). 
Hetastarch is nonantigenic. However, allergic or sensitivity 
reactions have been reported {see ADVERSE REACTIONS). 
if such reactions occur, they are readily controlled by dis- 
continuation of the drug and, if necessary, administration of 
an antihistaminic agent. 
ADVERSE REACTIONS 
The following have been reported: vomiting, mild tempera- 
ture elevation, chills, itching, submaxillary and parotid glan- 
dular enlargement, miid influenza-like symptoms, head- 
aches, muscle pains, peripheral edema of the lower 
extremities, and anaphylactoid reactions consisting of peri- 
orbital edema, urticaria, and wheezing. 
HOW SUPPLIED 
NDC 0094-0037-05-Hespan’* (6% Hetastarch in 0.9% 
Sodium Chioride Injection) is supplied sterile and nonpyro- 
genic ak a mi intravenous infusion bottles. 

Th 





Federal (U.S.A) law prohibits dispensing without pre- 
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INOCOR lactate injection, brand cf amnnone lactate. represents a new class of cardiac 
inotropic agents with vasodilator activity, distinct from digitalis glycosides or 
catecnolamnes. 
INDICATIONS AND USAGE (NOCOR lactate injection is indicated for the short-term 
management of congestive near! fadure in patients who can be clasely morstored and 
who have not responded adequately to digitalis. duratics, and/or vasodilators) 
INOCOR lactate injection is indicated for the short-term management of conges- 
tive heart failure. Because of imted expenence and potential for serious adverse 
effects (see ADVERSE REACTIONS) INOCOR shouid be used oniy in patients who can 
be closely monitored and who have not responded adequately to digitalis. diuretics. 
and/or vasodilators. Although most patents have been studied hemodynamically for 
periods only up to 24 hours, some patients were studied for longer periods and 
demonstrated consistent hemodynamic and clinica etfects The duration of therapy 
- Should depend on patent responsiveness. 
~ CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patents who 
are hypersensitive toit. 
it is aiso contraindicated in those patients known to be hypersensitive to bisulfites. 
PRECAUTIONS Genera? INOCOR lactate injection should not be used in patients with 
Severe aortic or pulmonic valvular disease in leu of surgical relef of the obstruction. 
Like other inotropic agents, £ may aggravate outtiow tract obstruction in hypertrophic 
gubaortic stenosis. 
During intravenous therapy with INOCOR lactate injection, blood pressure and 
_ heart rate shouid be monitored ard the rate of infusion slowed or stopped in patients 
showing excessive decreases in bioad pressure. 

l Patients who have receivec vigorous diuretic therapy may have insufficient 
_. Cardiac filing pressure to respond adequately to INOCOR lactate injection, in which 
Zo case cautious liberalization of fiuid and electrolyte intake may be indicated. 
 Supraventricular and ventricular arrhythmias have been observed in the very 
.. fhighnsk population treated. While amrnone per se has not been shown to be 

>. @mhythmogenic, the potential for arrhythmia. present in congestive heart failure itself 

_ may be increased by any drug or combination of drugs 

oi. Thrombocytopenia and hepatotoxicity have been noted isee ADVERSE 

REACTIONS). 

'. LABORATORY TESTS Fiuic and electrolytes. Fiuid and electrolyte changes and rena! 
function shouid be carefully monitored during amnnone lactate therapy. Improvement 
in cardiac output with resultant diuresis may necessitate a reduction in the dose of 
churstic. Potassium loss due to excessive diuresis may predispose digitalized patients 
to arrhythmias. Therefore. hypokalemia should be corrected by potassium suppie- 
mentation in advance of or during amnnone use. 

DRUG INTERACTIONS in a relatively limited experience. no untoward clinical man: 
festations have been obser ved in patients in whom INOCOR lactate injection was used 
_ concurrently with the following drugs: digitalis glycosides. lidocaine, quinine meto- 
= pralol, propranolol: hydralazine, prazosin. isosorbide dinitrate. nitroglycerine: chiorthah- 
Gene, ethacrymc acid, furosemide. hydrochiorcthiazide spronciactone captoori 
hepara, warfarin, potassium supp-ements, insulin, diazepam 

— One case of excessive hypotension was reported when ammnone was used 
concurrently with disopyramide 
a Unti! additional expenence s available, concurrent administration with Norpace' 

‘disopyramide should be undertaken with caution 
USE IN ACUTE MYOCARDIAL INFARCTION INCCOR is not recommended for use in 
acute myocardial infarction. 

_ USE IN CHILDREN Safely arid effectiveness in children have not been established 
<- USEIN PREGNANCY Pregnancy category C. In New Zealand white rabbits. amnnone 
- “has been shown to reduce fetal skeleta! and gross externa! malformations at oral doses 

“oe Of 16 mg/kg and 50 mg/kg that were tome for the rabbt Studies m French Hy/Cr rabbits 

using oral doses up to 32 mg/kg/day did not confirm this nding No maitormations 
were seen in rats receiving amnnone miravenously at the maximum dose used, 

19 mg/kg/day (approximately the recommended daily (V dase for patients with cor- 

gestive heart failure) There are no adequate and weil-controtied studies in pregnant 
.,. women, Amfnone should be used dunng pregnancy only ii the potential benefit 
-= justfies the potential nsk to the fetus 

USE IN NURSING MOTHERS Caution should be exercised when amnnone iS 
_ adrranistered to nursing women, since it is not known whether if is excreted in human 
milk. 
-.. ADVERSE REACTIONS Thrombocytoperia. intravenous INOCOR lactate mection 
_fesuited in platelet count reductions to below 100,000/mm in 2 4% of patients 
Gastrointestinal effects: Gastrortestinal adverse reactions reported with INOCOR 
. lactate injection during clinical use included nausea (17% vomiting (0.9%), abdomina! 

— pain (0.4%), and anorexia (0.4%), 

- Cardiovascular effects. Cardiovascular adverse reactions reported with INOCOR 
o lactate injection include arrhythmia (3%) and hypotension (1 3%) 

Hepatic toxicity. in dogs. at [V doses between 9 mg/kg/day and 32 mg/kg/day 

amrinone showed dose-related hepatctoxicity mamfested either as enzyme elevation 
“or hepatic cell necrosis or Doth. Hepatotoxicity has been observed in man following 

long-term oral dosing and has been observed. in a limited experience (0.2%). following 

NV acimirustration of amrinone. l 

‘Hypersensitivity. There have Deen reports of several apparent hypersensitivity reac- 

tions in patients treated with oral amnnone for about two weeks Signs and symptoms 

were variable Dut included pencarditis. pieuritis. and ascites (one Case). myositis with 
interstitial shadowing on chest x-ray and elevated sedimentation rate (one case), and 
vasculitis with nodular pulmonary densities, hypoxerma. and jaundice (one case). The 
_ first patient died, not necessarily of the possible reaction. while the last two resolved 
_., with discontinuation of therapy. None of the cases were rechallenged. so attribution to 

_. “amnnone ts not certain, but possible hypersensitivity reactions should be considered in 
-any patient maintained for a prolonged penod on amrinone 
_. General: Additional adverse reactons observed in intravenous amrinone chnical 

“Studies include fever (0.9%). chest pain (0.2%). and buring at the site of nection 


sores 





(02%). 
` OVERDOSAGE Doses of INOCOR iactate injection may produce hypotension 
- because of its vasodilator effect lf ths occurs. amnngne administration shouid be 
reduced or discontinued. No specific antidote is known, but general measures for 
Circulatory support should be taken. 
. MANAGEMENT OF ADVERSE REACTIONS Patele! count reductions Asympto- 
_ Matic platelet count reduction {to ‘ess than 150.000/mm 3) may be reversed within one 
sek ola decrease in drug dosage. Further, wth no change in drug dosage. the coun! 
May stabilize at lower than predrug levels without any chinical sequelae. Predrug piateiet 
“Rounts and frequent platelet counts dunng therapy are recommended to assist in 
decisions regarding dosage modifications. 
_. ~ Shauid a platelet count less than 150.000/mm? occur. the following actions may be 
« Maintain total daily dose unchanged. since in same cases counts have either 
` Stabilized or returned to pretreatment levels 
«Decrease total daily dose. 
-s Discontinue amrinone if. in the clinical judgment of the physician, nsk exceeds the 
“potential benefit. 
Gastrointestinal side effects: While gastrontestina! side effects were seen infrequently 
With TV therapy. should severe or debilitating ones occur, the physician may wish to 
6duce dosage or discontinue the drug based on the usual benetit-to-nsk 
. considerations, 
Hepatic toxicity: in clinical experence to date with lV administration, hepatotoxicity has 
-tarely Deen observed. If acute marked alterations in iver enzymes occur together with 
““oehinical symptoms, suggesting an idiosyncratic hypersensitvity reaction, amnnone 
e therapy shouid be promptly discontinued 
__ if less than marked enzyme alterations occur without clrical symptoms, these 
- “nonspecific changes should be evaluated on an individual basis. The clinician may 
oo Wish to continue amrinone and reduce the dosage or discontinue the drug based on 
‘the usual benefit to-risk considerations. 
ED Ampuls of 20 mL sterile, clear yellow solution containing INCCOR 
Smg/mL. nox of 5 (NDC 6024.0888-20). Each 1 mL contains INOCOR lactate 
equivalent to 5-mg base and 0.25 mg sodium metabisuifite in water for inecton 
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THE ANESTHESIOLOGIST | | Me = = 7 Perioperative 


Management 


Life Support Drugs | oo 
For Anesthesia and The ICU | | “R MAY 3-4, 1986 - 


| | of } Colony Square Hotel 
- MAY 1-2, 1986 - | J Atlanta, Georgia 


Colony Square Hotel ! i A 16-member faculty will focus on the perioperative 
| management of the patient undergoing cardiac 


Atlanta, Georgia | | | surgery. Monitoring techniques and therapy will 

be considered in the light of the underlying patho- 

| physiology. Panel discussions will emphasize prac- 

The 17-member faculty will review and up- | | tical applications from the perspective of the cardio- 

date information about the clinical pharma- | | | fogist, surgeon, anesthesiologist and their assistants 

cology and applications in life support drugs | | | including perfusionists, physicians’ assistants, and 
for anesthesia and the ICU. A course syllabus | anesthesia and intensive care nurses. 


will be provided for each registrant. 
FOR INFORMATION CONTACT: 


FOR INFORMATION CONTACT: | | i Cardiothoracic PG Course 
~- Pharmacology Course - : | Department of Anesthesiology 
Department of Anesthesiology - Emory Clinic : Emory Clinic 
1365 Clifton Road, N.E. - Atlanta, GA 30322 1365 Clifton Road, N.E. 


(404) 329-0959 or (404) 321-0111, Ext. 391 2 | | | Atlanta, Georgia 30322 
| (404) 329-0959 or (404) 321-0111, Ext 3917 


A Postgraduate Course Sponsored By | | | 
A Postgraduate Course Sponsored By: 
EMORY UNIVERSITY SCHOOL OF MEDICINE J | THE CARDIOTHORACIC ANESTHESIA DIVISION 


DEPARTMENT OF ANESTHESIOLOGY | | | EMORY UNIVERSITY SCHOOL OF MEDICINE 
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WEEN, 22, 23, 24, 29, 1986 — Holiday Inn, Chicago City Centre 


FACULTY: 
DOCTORS: Bassell, Berry, Cheek, Cook, Cote’ Datta, Furman, Gelfand, Hall, Heyman, Klowden, 
Mazurek, Ni mmagacda Paulissian, Roth, Salem, Seleny. 































“Obstetrical Anesthesia Topics: 


Pediatric Anesthesia Topics: 
æ% Physiologic Changes in the 


¢ Newborn and Neonatal Physiology © Correction of Fiuid Deficits 


* 


Anesthetic Management of 


© Cardiovascular Physiolegy in the s Extracorporeal Membrane Parturient Pre-Term Labor 
Neonate Oxygenation # Aspiration - Physiology. e Delivery Room Resuscitation of 

* The Pediatric Airway + The Child with Congenital Heart Prevention. Treatment the Newborn 

» Pediatric Pharmacology Disease * Rational Basis for Obstetric Pain æ Anesthesia for Toxemic Patents 

+ Pharmacokinetics and +The Child with Burns Relief e Epidural Blocks in Pre-Eclamptic 
Pharmacodynamics of Inhalation ¢ The Child with Upper Airway * Obstetric Drug Therapy and Patients 
Anesthetics Obstruction Obstetrical Anesthesia * Anesthesia for Cesarean Section 

s Neuromuscular Physiology - e The Child with Apnea and + Practical Aspects in Epidural * Anesthesia for the Pregnant 
Muscle Relaxants (Part 1} Respiratory Distress Biocks Cardiac Patient 

e Muscle Relaxants (Part H} è The Child with Myopathy è Use of Continous Infusion Epidural * Anesthesia for the Obstetric 

» Pediatric Anesthetic Systems + The Child with Sickle Celi Anemia Anaigesia Patiant with Orug Addiction 

e Monitoring the Pediatric Patient + Anesthesia for Neuroradiology + Maintenance of Fetal Oxygenation © Amniotic Fluid Embolism 

* Mass Spectrometry in Pediatric + Anesthesia for Posterior Fossa * Epidural Narcotics in the Pregnant © Obstetric Hemorrhage and the 
Anesthesia Exploration Patiant Anticoagulated Patient 

® Induction Techniques in Infants * Anesthesia for Endoscopy ® The Chioroprocaine Controversy + Anesthesia for the Pregnant Patient 
and Children + Anesthesia for the Difficult Airway e Anesthesia for Non-Obstetric with Endocrine Disorders 

* Narcotics in Pediatric Anesthesia * Anesthesia after a Recent Meal Surgery in the Pregnant Patient + Anesthesia for the Pregnant 

+ Techniques for Postoperative + Anesthesia for Airway Laser s The Latest Word on Bupivacaine Diabetic Patient 
Anaigesia Surgery Toxicity e Anesthesia for the Patient with a 

æ Biood Use in Children - 1986 * Anesthesia for the MH Susceptible s Epidural Analgesia in Labor Difficult Airway 

¢ Massive Blood Transfusion Child * The Acle of the Anesthesiologist in 

+ Recovery Room Prablems + Anesthesia for Ductus Ligation the Management of Fetal Distress 

* Neonatal Surgical Emergencies # Anesthesia for Scoliosis Hepair 


For Information Contact: 
Department of Anesthesiology, Illinois Masonic Medical Center, 836 W. Wellington, Chicago, Illinois. Telephone 


312/883-7035/7041. The courses are approved for 21 hours each, Category I. 
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Postdoctoral Research Fellowship tor 
Anesthesiologist in the Department of 
Anesthesiology, Yale University School of 
Medicine. The appointee will have the 
opportunity for full-time research training 
in the field of lung metabolic functions and 
their relation to cardiopulmonary 
pharmacology and pathophysiology. 
Preference will be given to applicants with 
previous research experience. In addition to 
research training, the applicant may be 
provided the opportunity for some clinical 
work. Please send C.V. and the names of 
three references to: 


C.N. Gillis, Ph.D. 

Director of Research 

Professor of Anesthesiology and 
Pharmacology 

Department of Anesthesiology 

Yale University School of Medicine 
P.O. Box 3333 

New Haven, CT 06510 


An Equal Opportunity/Affirmative Action 
Employer 








CBE STYLE MANUAL 
Fifth Edition 


A guide for Authors, Editors, and Publishers in 
the Biological Sciences 

Widely accepted and recommended as the 
standard reference for journals and books in the 
biological sciences 





Special features of this newly updated and greatly expanded edition include: 

e four new chapters: * complete revision of the section 

* reorganization of the "Manuscript on ‘‘Plant Sciences"; 
Preparation" section for easier * cross-listing of “Abbreviations 
reference; and Symbols"; 

* new conventions in the chapter on 


“Style in Special Fields"': and much more... 


CONTENTS: Ethical conduct in authorship and publication e Planning the 
communication © Writing the article © Prose style for scientific writing ® 
References © Illustrative materials © Editorial review of manuscripts ¢ 
Application of copyright law * Manuscript into print © Proof correction © 
Indexing ® General style conventions ® Style in special fields ® Abbreviations 
and symbols e Word usage « Secondary services for literature searching © 
Useful references with annotations © Subject index 


ISBN: 0-914340-04-2; clothbound:; publication date: September 1983; trim 


size 6 x 9 inches; 324 pages 


Regular Price: $24.00 (10% discount on 10 or more copies delivered to one 


address} 
CBE Member Price: $21.50 (single copy paid by personal check) 


Terms of Sale; All sales final: no returns. 
Prepayment required; U.S. currency drawn on a U.S. bank. 
Price includes BOOK RATE postage. 


For faster delivery--first class, air mail, or UPS available at additional 


charge (book weight } lb 9 oz). 
Maryland residents, please add 5% sales tax. 


Mail your order with payment to: 
COUNCIL OF BIOLOGY EDITORS, INC. 
9650 Rockville Pike, Bethesda, MD 20814 
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NITROUS OXIDE/N,O 


rece nen CAN ALL AnNa meee a 


PNR hn ie bee ny evens nA A on EA anaana naa nati anaman are roc 


Editor: Edmond I. Eger ll, M.D., Professor and Vice Chairman for Research, Department of 
Anesthesia, University of California, San Francisco 


After 140 years of use. nitrous oxide is now known to be 
more than an inert vehicle for other. more potent anes- 
thetics. Nitrous oxide affects the function of every body 
tissue significantly. Optimum application requires a full 
appreciation of both the benefits and potential hazards 
of this anesthetic substance. 


Nitrous Oxide/N,O is a complete resource on the subject. 
It describes what is known about nitrous oxide — applica- 
tions and contraindications — and debates its continued 
clinical use. The current clinical applications of N O are 
reviewed by means of: 
a thorough discussion of N.O pharmacology and 
distribution 
a detailed summary of known side effects ang toxicity 
E practical guidelines for avoiding and Managing 
these effects 
Finally, the case for administering this anesthetic is care- 
fully and candidly assessed in chapters by propenents of 
both views. Nitrous Oxide/N,0O is a controversia! work that 
everyone using the drug will want to read. 


Order from your usual supplier or 
Elsevier Science Publishing Co.. inc 
PO. Box 1663. Grand Central Station. New York, NY 10163 








NENANA ANANA re not ttre teed mman idinaan ttn beter Lerch heh er Arne Tre Alt a iy: 


Contents. Preface. Contributors. A History of Nitrous 
Oxide. Physics, Chemistry, and Manufacture of Nitrous 
Oxide. Nitrous Oxide Analgesia. MAC. Nitrous Oxide 
Delivery Systems. Pharmacokinetics. Respiratory Effects 
of Nitrous Oxide. Cardiovascular Effects of Nitrous Oxide. 
Central Nervous System Effects of Nitrous Oxide. Neu- 
romuscular Effects of Nitrous Oxide. Nitrous Oxide in 
Obstetrics. Metabolism of Nitrous Oxide. Nitrous Oxide 
inactivates Methionine Synthetase. Mutagenicity, Car- 
cinogenicity. and Teratogenicity of Nitrous Oxide. Nitrous 
Oxide Abuse. Toxicity of Nitrous Oxide. The Use of Nitrous 
Oxide by Dentists. Nitrous Oxide in Veterinary Practice 
and Animal Research. Controlling Occupational Exposure 
to Nitrous Oxide. Should We Not Use Nitrous Oxide. We 
Should Continue to Use Nitrous Oxide Epilogue Index. 


1984 416pages 0-444-00860-8 cloth $37.50 


Distributed outside the L SA and Canada by Faward Arnot lid London: 


ELSEVIER 


Note: Price subject to change without notice. 
ir NY State please add applicable sales tax. 
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PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 








MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 








ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 








ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, PO 
Box 5719, Santa Fe, NM 87501. (505) 983- 
Tots. 








“ANESTHESIA, YOUR BABY, AND YOU” 
This obstetric anesthesia VIDEOTAPE can 
help you with patient education and in- 
formed consent, as well as nursing and stu- 
dent education. Contact: APPCOR PRO- 
DUCTIONS, 3652 Carleton St, San Diego, 
CA 92106. 








800-FAST GAS: WORLDWIDE ANESTHESIA 

Have you got knocks and pings in your 
Anesthesia Department? Whether it’s a short 
or long term staff problem ... we've got 
quality MDs and CRNAs to get your pro- 
gram running smoothly! 1-800-327-8427 
Worldwide Anesthesia, John Paju, President. 








PRIVATE TUTORING AVAILABLE FOR 
WRITTEN AND ORAL BOARD EXAMS 
Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 








TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Palm 
Springs. Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117 or 
reply to Box K23, “ Anesthesia and Analgesia, 
Desk Editorial, 52 Vanderbilt Avenue, New 
York, NY 10017. Include phone number in 
response. 


ACADEMIC ANESTHESIOLOGIST 
University Department of Anesthesiology 
seeking additional faculty with outstanding 
qualifications in clinical care, teaching, and 
research, All major clinica! disciplines rep- 
resented. Required is a 4-yr educational 
continuum or its equivalent, including 
training in a clinical specialty or in research. 
Faculty rank and salary commensurate with 
training and experience. Excellent oppor- 
tunity for professional development, with 
facilities for independent or collaborative 
research. Send curriculum vitae to Ronald 
A. Gabel, mD, Professor and Chairman, De- 
partment of Anesthesiology, University of 
Rochester, Medical Center, Rochester, NY 
14642. The University of Rochester is an equal 
opportunity employer. 








UNIVERSITY OF MIAMI COMPREHENSIVE 
REVIEW COURSE IN ANESTHESIOLOGY MAY 
6-11, 1986 

Will be held at the James L. Knight Con- 


vention Center/Hyatt Regency, Miami, 
Florida. For more information contact 
Professional Seminars, PO Box 021318, 


Miami, FL 33101. Telephone 305-547-6411. 








IV INFUSION DOSES WHEN YOU NEED THEM! 
Handy pocket chart provides preparation 
and drip rates for 15 vasoactive and anes- 
thetic drugs in a trim, durable format. Send 
$3.50 and self-addressed envelope to Heart- 
card Productions, 10849 Deborah Drive, Po- 
tomac, MD 20854. 








ORAL EXAM TUTORING 

March 14, 15, 16, 1986. Weekend session in 
Florida. Limited class size. Call for infor- 
mation: 419-475-9641 or 813-963-2272. 








PAIN MANAGEMENT ANESTHESIOLOGIST: 


reg 


transphenoidal pituitary adenolysis and im- 
piantable reservoirs. Strong ancillary sup- 
port services including full time psycholo- 
gist. Applicant should possess a strong 
interest in regional anesthesia and desire 
one-on-one patient contact. Willing to train 
right individual. Excellent salary and ben- 
efits. Send CV and photo to Pain Consor- 
tium, PO Box 33103, Kansas City. MO 64114. 
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BC/BE ANESTHESIOLOGIST WITH OB 

ANESTHESIA FELLOWSHIP TRAINING 

For director of OB anesthesia service tor 
large, active Midwestern teaching hospital. 
Send CV and three references to Box P32, 
o Anesthesia and Analgesia, Desk Editorial, 
52 Vanderbilt Avenue, New York, NY 10017. 


FREELANCE ANESTHETISTS 

Temporary & Permanent--Medical Anes- 
thesiologists——CRNA’s. Home-based 
throughout US. If you need an anesthetist 
call 1-800-521-6750. ALL-STATES MEDI- 
CAL PLACEMENT AGENCY, Box 91, 
LaSalle, MI 48145 or 313-241-1418 (MI). 








PERMANENT POSITION WANTED 

BC, AMG, anesthesiologist, completed fel- 
lowship in CV anesthesia and regional] 
anesthesia. Seeking relocation with pro- 
gressive group in private practice. Aca- 
demic affiliation preferred. Eight years ex- 
perience private practice. Any area. Reply 
to Box LRM, Se Anesthesia and Analgesia, Desk 
Editorial, 52 Vanderbilt Avenue, New York, 
NY 10017. 








ANESTHESIOLOGIST 

We specialize in the recruitment and place- 
ment of anesthesia personnel for perma- 
nent and temporary positions throughout 
the US. American Anesthesia Recruiters, 211 
E. Camelback, Suite 1, Phoenix, AZ 85012. 
Phone # (602) 978-4306. 








ANESTHESIOLOGISTS SOUGHT 

by quality-oriented, nationwide referral ser- 
vice for medical-legal consultation. Highly 
rewarding opportunity. Reply to ExpertNet, 
2020 West State Street, Suite 164, Milwau- 
kee, WE 53233. 





RHODE ISLAND 

238-bed Brown University-affiliated hospi- 
tal performing more than 5000 cases per year. 
No OB or Cardiothoracic. Looking for ad- 
ditional mD to join four-person group. Send 
CV to Stephen H. Harkness, MD, Chief, Di- 
vision of Anesthesiology, Roger Willams 
General Hospital, 825 Chalkstone Avenue, 
Providence, RI 02908. 


CLASSIFIED ADS 


i Anestesi and Attlyesu makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other events. 
Display space (minimum b3 page) is also avail 
able through Pharmaceutical Media, Inc, Rates 

for classified advertising: $.90 per word, min- 

| imum twenty words; or $1.00 per word for box 
number ads. Copy deadline 7 weeks prior to 
| publication, e.g. tor the March issue, copy 
should be received by the tst of January. Full 
payment or institutional purchase order must 
accompany the copy for cach ad, Ads received 
without a check or purchase order will be re- 
turned. Ad capy, subject to acceptance by pub- 
lisher, should be tvped double-spaced and 
mailed in dupheate to: 
Anesthesia and Analgesia 
Desk Editonal 
Classified Ads 
Elsevier Soence Publishing Co, Ine, 
52 Vanderbilt Avenue, New York, NY 007. 


gn- 


lishing Co, inc. 





NORTH CAROLINA 

Anesthesiologist BC/BE sought for MD- 
CRNA team at progressive 250-bed hospital 
in western piedmont midsized town. Sub- 
mit CV to Box R37, % Anesthesia and Anal- 
gesia, Elsevier Science Publishing Com- 
pany, 52 Vanderbilt Avenue, New York, NY 
10017. 








CERTIFIED OR BOARD ELIGIBLE 
ANESTHESIOLOGIST 

to join group of eight at community hospital 
on Long Island, New York. Early full part- 
nership. Include CV with first response to 
Box R38, % Anesthesia and Analgesia, Else- 
vier Science Publishing Company, 52 Van- 
derbilt Avenue, New York, NY 10017. 








ANESTHESIOLOGISTS NEEDED 

at assistant and associate professor levels. 
Must be board certified. Duties include pa- 
tient care, resident and medical student 
teaching, and research. Positions available 
at the University of Missouri Health Sci- 
ences Center. Interested applicants send a 
curriculum vitae to G.W.N. Eggers Ir, MD, 
Professor and Chairman, Department of 
Anesthesiology, University of Missouri-Co- 
lumbia Health Sciences Center, Columbia, 
MO 65212. 








UNIVERSITY OF CALIFORNIA, SAN DIEGO 
Professor and Chair of Anesthesiology De- 
partment. The School of Medicine is seek- 
ing an individual of international stature who 
wil provide leadership to a Department with 
over 20 full-time faculty and active clinical, 
teaching, and research programs. Salary 
commensurate with qualifications and ex- 
perience. Qualifications include demon- 
strated excellence in teaching and research, 
clinical skills, academic commitment and 
administrative abilities. Candidates should 
be board certified and eligible for licensure 
in California. Send curriculum vitae and 
names of five references to Robert Katzman, 
MD, Chair of Search Committee for Anes- 
thesiology, Department of Neurosciences 
(M-024), University of California, San Diego, 
La Jolla, CA 92093 by May 16, 1986. UCSD 
is an Equal Opportunity/Affirmative Action 
Employer. 








NEW ENGLAND 

BE/BC anesthesiologist to join group cov- 
ering two hospitals with large referral base. 
All specialties including open heart. Com- 
petitive package and excellent lifestyle. Send 
CV, references, and letter of inquiry to Box 
R39, % Anesthesia and Analgesia Desk Edi- 
torial, 52 Vanderbilt Avenue, New York, 
NY 10017. 





ANESTHESIOLOGY UPDATE IN ENGLAND 
September 16-26, 1986. London meeting and 
luxury countryside tour. CME accredita- 


tion. Contact Francine Leinhardt, Manhat- 
tan Eye, Ear & Throat Hospital, 210 East 
64th Street, New York, NY 10021. (212) 838- 
9200 ext 2776. 








DIRECTOR OF OBSTETRICAL ANESTHESIA 
Northwestern University Medical Center has 
initiated a search for a Director of Obstet- 
rical Anesthesia. Candidates must qualify 
for faculty appointment at Northwestern 
University Medical School and have exten- 
sive clinical experience. Obstetrical case load 
is about 5000 cases per year with in-house 
coverage. The service supports a strong 
teaching program, which draws trainees 
from three residency programs. The envi- 
ronment allows for joint research with an 
active Department of Obstetrics and a well- 
regarded Center of Clinical Pharmacology. 
Equal opportunity employer. Send curric- 
ulum vitae and names of three references 
to Edward A. Brunner, MD, PhD, Professor 
and Chairman, Department of Anesthesia, 
Northwestern University Medical School, 
303 East Superior Street, Room 360, Chi- 
cago, IL 60611. 








DEPARTMENT OF ANESTHESIOLOGY, 
UNIVERSITY OF CALIFORNIA, SAN DIEGO 
is recruiting for faculty members at the As- 
sistant or Associate Professor level. One 
opening is a tenure-track position. Dem- 
onstrated experience in teaching, clinical 
training. and patient care required at the 
Associate Professor level, with research in- 
terest or experience preferred. Background 
in above required at the Assistant Professor 
level. Salary commensurate with qualifica- 
tions and experience. Must be Board Cer- 
tified or Board Eligible, and a California li- 
cense is required. Please send letter, 
curriculum vitae, and names/addresses of 
three references to Lawrence J]. Saidman, 
MD, Dept. of Anesthesiology, H-770, Uni- 
versity of California Medical Center, 225 
Dickinson Street, San Diego, CA 92103. The 
University of California, San Diego is an 
equal opportunity/AA employer. All appli- 
cations received by June 30, 1986 will re- 
ceive thorough consideration. 








NORTHWESTERN UNIVERSITY MEDICAL 
CENTER 

is recruiting young faculty interested in de- 
veloping an academic career in Anesthesia. 
Candidates must have completed at least 
four years of post graduate training and be 
Board eertified or in the process of certifi- 
cation. Evidence of scholarly productivity 
will be considered in making final selec- 
tions. A strong residency program with fel- 
lowships in all clinical subspecialties makes 
this faculty position desirable. Candidates 
with qualifications in neurosurgical or ob- 
stetrical anesthesia will be given preference. 
Equal opportunity employer. Send curric- 
ulum vitae and names of three references 
to Edward A Brunner, MD, PhD, Professor 
and Chairman, Department of Anesthesia, 


Northwestern University Medical School, 
303 East Superior Street, Room 360, Chi- 
cago, IL 60611. 








ANESTHESIOLOGIST: NORTHERN WEST 
VIRGINIA 

BC or in process, to join three anesthesiol- 
ogists and ten CRNAs at 325 bed, 8000+ 
procedure, rural referral center. Surround- 
ing area ideal for family with outdoor in- 
terests. Busy vascular and OP. No open 
heart. Reply to Box R4, % Anesthesia and 
Analgesia, Desk Editorial, Elsevier Science 
Publishing Company, 52 Vanderbilt Ave- 
nue, New York, NY 10017. 








WANTED-BOARD CERTIFIED (OR THE 
EQUIVALENT) ANESTHESIOLOGIST 

with at least a year’s Fellowship in Critical 
Care and extensive experience in Hyper- 
baric Therapy including patient manage- 
ment in active multiplace chambers, to join 
the staff of the Maryland Institute for Emer- 
gency Medical Services Systems, 22 S. 
Greene St., Baltimore, MD, 21201, and to 
assume duties in Anesthesia, Critical Care, 
and Hyperbaric Medicine. Salary negotia- 
ble. Respond to J.S. Britten, MD. 








OPPORTUNITIES IN MAJOR TEACHING 
INSTITUTION 
Anesthesiologists—Full-time, tenure-track, 
teaching positions in a large, rapidly ex- 
panding university program. Opportunities 
available at Assistant, Associate, and Full 
Protessor levels, especially in the subspe- 
cialties of Neuroanesthesia, Transplant 
Anesthesia, Pediatric Anesthesia, and Car- 
diovascular Anesthesia. Completion of an 
approved resident training program in 
anesthesiology is required. Anesthesiology 
Board Certification desirable but not man- 
datory. Competitive salaries and fringe ben- 
efits. Address inquiries, including curricu- 
lum vitae, to Alon P. Winnie, mD, Head, 
Department of Anesthesiology, University 
of Ilinois Hospital, 3200 W. m/c 515, 1740 
W. Taylor St., Chicago, IL 60612. The Uni- 
versity of Illinois is an Equal Opportunity/ 
Affirmative Action Employer. 








THE ROSWELL PARK MEMORIAL INSTITUTE 
affiliated with the State University of New 
York at Buffalo School of Medicine. Seeks 
to fill the position of Director of the De- 
partment of Anesthesiology at the Institute. 
The successful applicant must be certified 
by the American Board of Anesthesiology 
and must have well-developed capabilities 
in patient care, teaching research, and 
administration. Curriculum vitae should be 
sent to Andrew A. Gage, MD, Roswell Park 
Memorial Institute, 666 Elm Street, Buffalo, 
NY 14263. 


NORTH CAROLINA 

Temporary and permanent BE/BC anesthe- 
siologists needed to join fee-for-service group 
in small community in heart of Blue Ridge 
Mountains. Salary first year. Send inquiries 
and CV to Watauga Anesthesia Associates, 
PA, 301 Birch Street, Boone, NC 28607. 








CALIFORNIA 
Los Angeles County Harbor-UCLA Medical 
enter. Anesthesiology Residency/Fellow- 
ship openings for PG 4th/Sth year equiva- 
lent candidates beginning July 1, 1986. Flex- 
ible OB, ICU, cardiothoracic, and research 
curricula offered in active clinical, teaching, 
and didactic environment. Please send CV, 
phone number, and statement to Ching- 
muh Lee, MD, Professor and Chairman, Dept. 
of Anesthesiology, Harbor-UCLA Medical 
Center, 1000 W. Carson St., Torrance, CA 
90509. An equal opportunity employer. 








ASSOCIATE DIRECTOR—NEW JERSEY 

Jein a northern New Jersey pharmaceutical 
company with exciting growth opportuni- 
ties; work in the medical services depart- 
ment with postmarketing clinical studies and 
extensive interface with the professional 
community. Qualifications require a board 
certified (or eligible) anesthesiologist. Prior 
pharmaceutical industry or clinical study 
experience desirable. Position immediately 
available with excellent salary and compre- 
hensive benefits program. Reply with CV 
or resume to Box AA350, 10 W. 20 St, New 
York, NY 10011. 








CENTRAL MARYLAND 

Opportunity for BC/BE anesthesiologists 
beginning July 1986 or sooner. Good loca- 
tion. Corporate benefits. Minimal call. Send 
CV to Box $43, % Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Company, 52 Vanderbilt Avenue, New York, 
NY 10017. 








MASSACHUSETTS—ANESTHESIOLOGIST 
Board eligible or board certified to join our 
MD/CRNA group at this Harvard-affiliated 
hospital. Pediatric experience is preferred. 
Please include your CV with reply to Dr. 
Porter H. Smith, Chief of Anesthesiology, 
Massachusetts Eye and Ear Infirmary, 243 
Charles Street, Boston, MA 02114. An equal 
opportunity employer. 








OB ANESTHESIOLOGISTS 
Fellowship-trained to work for PC at busy 
university-affiliated hospital. Home of re- 
gional perinatal center. 4000+ deliveries per 
year. Excellent cultural, educational, and 
recreational resources. Liberal salary and 
fringe benefits. Send CV with application 
to CNY Anesthesia Group, PC, 736 Irving 
Avenue, Syracuse, New York 13210. 








POSITION WANTED 

Anesthesiologist, AMG, BE, orals in 1986. 
Finishing Cardiac Anesthesia Fellowship in 
June. Excellent training, proficient in all 
areas, wish to do all types of anesthetics. 


Special interest: Cardiac/Pediatrics. Seeking 
openings in Los Angeles/Orange County/ 
San Diego areas. Reply to Box 541, %e Anes- 
thesia and Analgesia, Desk Editorial, Elsevier 
Science Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 








UTAH 

The University of Utah seeks anesthesioi- 
ogists who are Board Certified in Anesthe- 
siology, preferably with a PhD in physiology 
or pharmacology for positions at level of 
Assistant Professor. Candidates should have 
expertise in obstetrical and or neurosurgical 
anesthesia. Experience in clinical or basic 
science research is required. Send curricu- 
jum vitae to K.C. Wong, MD, Chairman, De- 
partment of Anesthesiology, University of 
Utah School of Medicine, 50 North Medical 
Drive, Salt Lake City, UT 84132. Equal Op- 
portunity/Affirmative Action Employer. 
Closing Date: May 31, 1986. 








MICHIGAN 

Energetic and personable BC/BE anesthe- 
siologist needed to join six other anesthe- 
siologists in a fee-for-service private prac- 
tice. 400+ bed general hospital. All 
specialities with the exception of open heart. 
Send CV to Box $42, “e Anesthesia and An- 
algesia, Desk Editorial, Elsevier Science Pub- 
lishing Company, 52 Vanderbilt Avenue, 
New York, NY 10017. 








The Department of Anesthesiology 


The Page and William Black Post-Graduate School of Medicine 
of the 
Mount Sinai School of Medicine (CUNY) 
and 
The Departement D’Anesthesie 
Hopital, Bichat, Paris 


THE CARE OF THE PATIENT WITH CARDIAC DISEASE 


George Silvay, MD, PhD, Course Director 
Dawn Desiderio, MD, J. M. Desmonts, MD 
Anthony D. Ivankovich, MD, Olga Ivankovich, MD 
Joel Kaplan, MD and Joseph Richter, MD, Course Faculty 


This course features the latest innovations in the clinical practice of anesthesia for patients with 
cardiovascular disease. An open discussion between experts from the United States and Europe will provide 
an updated exchange of experience. A tour of the operating room and intensive care unit at the Bichat Hospital 
in Paris is scheduled. 


June 1—9, 1986 
(Tickets to French Tennis Open included in program) 
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For information: Dr. George Silvay, (212) 650-5954. 


HARVARD CONTINUING EDUCATION 
Massachusetts General Hospital 
PRACTICAL PEDIATRIC ANESTHESIA—1986 
May 16-18, 1986 


This course will focus on the practical management of pediatric anesthesia patients. It is designed for the physician who 
anesthetizes children either daily or occasionally. Emphasis wil be placed on the differences between infants, children, 
and adults. The format of the course will include lectures and panel discussions, with ample time for audience questions. 
The Saturday luncheon panel will feature problem cases: audience participation is encouraged. 





Our Visiting Professor is Dr. Gordon H. Bush, Consultant Paediatric Anaesthetist, Director of 
Anaesthesia, Alder Hey Children’s Hospital, Liverpool, U.K. 


The meeting comprises three half-day teaching sessions, allowing participants and their guests to take advantage of a 
variety of social, cultural, athletic, and shopping activities. The program is approved for 15 credit hours in category 1 of the 
Physician's Recognition Award of the AMA. Application has been submitted to the American Association of Nurse 
Anesthetists for continuing education credits to be awarded to nurse anesthetists completing this course. 


For further details please contact Harvard Medical School, Department of Continuing Education, 
Boston MA 02115 (617-732-1525, M-F, 10 am~4 pm Eastern Time). 


Course Directors: Drs. Charles J. Coté, Letty M. P. Liu, Nishan G. Goudsouzian, and John F. Ryan, Department of 
Anesthesia, Massachusetts General Hospital, Boston, Massachusetts. 


WHY RISK NERVE DAMAGE? 





SYSTEM OF CHOICE FOR SAFE AND 
ACCURATE REGIONAL BLOCKS. 


Facilitates axillary- 
brachial plexus, su- 
praclavicular, inter- 
costal, greater oc- 
cipital, suprascapu- 
lar, sacral, and 
other peripheral 
nerve blocks. 


The Neuro-lTrace 
Nerve Locator pro- 
vides a reliable 
method to locate 
specific nerves for 
regional blocks. A 
pulsating, low cur- 
rent provides con- 
sistent accuracy 
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PAVULON” 
{pancuronium bromide, injection i 


BRIEF SUMMARY 
{Please consult package insert for tull prescribing intormation.] 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS 
| _ FAMILIAR WITH ITS ACTIONS. CHARACTERISTICS. AND HAZ ARDS 





ACTIONS: Pavulon is a non-depalarizing neuremuscular blocking agent possessing all of the 
characteristic pharmacological actions of this class of drugs (curartorm) on the myoneur al 
junchon 

Pavukin (pancuroniun) bromide) iS antagonized by acetyichotine. anticholinesterases. and 
potassium ion. its action 1s increased by imhaiational anesthetics such as halothane, methyl ether. 
enflurane and methoxyflurane. as well as quinine, Magnesium salts, hypokalemia. some Carcin- 
amas, and certan antibiotics such as neomycin. streptomycin. clindamycin, kanamycin. genta mi 
cin and Dacutracin The action of Pavulon may be altered by dehydration. electrclyte imbalance. 
acid-base umbatance, renal disease. and cancotmtant administration of other neuromuscula! 
agents. 


CONTRAINDICATIONS: Pavulon is contraindicated in patients known to be hypersensitive to the 
drug of to The bromide 100 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OF 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS. WHO ARE FAMILIAR WITH ITS ACTIONS 
AND THE POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE THE DRUG 
SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION. 
OXYGEN THERAPY AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE THE CLINICIAN MUST 
BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

In patents whe are known to have myasthenia gravis gmat doses of Pavulon may have 
profounc effects A peripheral nerve stimulator 3s especially valuable in assessing the effects of 
Pavulon i such patents 


USAGE IN PREGNANCY: The sate use of pancuroniam bromde has sot been established with respect 
to the pessible adverse effects upon fetal development Therefore, it should not be used in women 
of chidbearing potential and particularly during early pregnancy unless in the podgment of the 
physician the potential benefits outweigh the unknown hazards 

Pavulan may be used in operative gbstetnes (Cesarean section). bul reversal of pancuronium 
may be unsatisfactory in patients receiving magnesium sulfate for toxemia of pregnancy. because 
magnesium Salts enhance neuromuscular blockade Dosage should usually be reduced. as 
indicated. m such cases. 


PRECAUTIONS: Although Pavulon has been used successfully in many patients with pre-existing 
pulmonary. hepatic. or renal disease. caution should be exercised in these situations This is 
particularly {rue of renal disease since a mayor portion of administered Pavulon 15 excreted 
unchanged in the unne 


ADVERSE REACTIONS: Neuromuscular. the most frequently noted adverse reactions consis: pri 
marily of an extension of the drugs pharmacological actions beyond the time period needed for 
surgery and anesthesia. This may vary from skeletal muscle weakness to profound and prolonged 
skeletal muscle relaxation resulting in respiratory insufficiency oF apnea. inadequate reversal ot 
the neuromuscular blockade by anticholinesterase agents has also been observed with Pavilion 
ipancurcnium bronmude) as with all curariform drugs These adverse reactions at2 managed by 
manual or mechanical ventilation until recovery is judged adequate 

Carchevascular. A slight increase in pulse rate 1s frequently noted 

Gastrointestinal Salvation is sometimes nated during very fight anesthesia. especially sf no 
anticholinergic premedication is used 

Skin. An occasional transient rash is noted accompanying the use of Pavulon 

Respiratory One case ot wheezing. responding to deepening of the inhalational anesthetic. has 
been reported 
DRUG INTERACTION: The intensity of blockade and duration of action of Pavulon 15 increased in 
patients recenving potent volatile imfaiational anesthetics such as halothane, diethyi ether, 
enflurane and methoxyflurane. 

prior adrrumstration of succmyicholine, such as that used for endotracheal intubation. 
enhances the relaxant effect of Pavulon and the duration of action H succinylcholine ts used 
hetare Pavulon, the admumstration of Pavulon should be delayed unt the succinyicholine shows 
signs of wearing off 
DOSAGE AND ADMINISTRATION: Pavulon should be admunistered only by or under the supervision of 
experienced ciimcians DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE See package insert for 
suggested dosages. 
CAUTION: Federal aw profitits dispensing without prescription 
HOW SUPPLIED: 

2 mt ampuls-2 mg./mi —boxes of 25. NDC =0052-0444-26 

5 mi. ampuls~2 mg./mt ~boxes of 25. NDC #0052-0444-25 

10 mi wials—1 moimi -boxes of 25, NDC =0052-0443-25 
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LESS BARBITURATE, BETTER STABILITY 
WITH LOW-DOSE SUFENTA 
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SAN FRANCISCO: Low doses 
of SUFENTA* (sufentanil 
citrate) Injection Œ ,given prior 
to thiopental as an adjunct to 
induction, improved hemo- 
dynamic stability and reduced 
barbiturate requirements, 
according to a study presented 
here at the 1985 Annual Meeting 
of the A.S.A. In a group of 30 


Better Hemodynamic Control 


Systolic Blood 
Pressure (mm Hg} 


Heart Rate (BPM) 


Rate-Pressure 
Product (x 100} 





< Phiopental, 10 patients 
s.e... SUFENTA 0.5 pe/ke 
+ thiopental, 10 patients 
-=== SUFENTA 1.0 pg/kg 
+ thiopental, 10 patients 
(Abstracted from Brizgys, Morales and 
Owens, Anesthesiology 1985; 63:A377) 













adult patients who underwent 

surgery of 25 min. to 8.5 hr. 

duration, thiopental was used p 
for induction, either alone ra 
or combined with SUFENTA. F A 
SUFENTA (0.5 or 1.0 pg/kg) 
reduced thiopental requirements 
by 50% to 68%, respectively, 
and the hemodynamic response 
to laryngoscopy and intubation 
was attenuated, as measured 

by systolic pressure, heart rate 
and rate-pressure product. Brady- 
cardia, truncal rigidity and 

recall were not observed. 


Experience With 93 Patients Generates 
“Thumbnail” Dosage Guidelines 


Clinical experience with 
SUFENTA in general surgery 
revealed that total dosage 
requirements averaged about 

1 ug/kg/hour or less, in surgery 
up to 8 hours. 





was given in incremental main- 
tenance doses as needed. 

The induction dose of 
SUFENTA administered prior 
to intubation reduces hyperten- 
sion and tachycardia. 

In the same patients the induc- 
tion dose averaged about 75 % 
of total dose. The remainder 


In every case, however, dosage 
should be titrated to individual 
patient needs. 


NOW SHOWING: 
AN INFORMATIVE 22-MINUTE FILM 


Benjamin J. Kripke, MD, and 
Edson O. Parker HI, MD, are 
featured in the medical film 
“SUFENTA: A Practical 
Guide for General Surgical 
Procedures.” The anesthesiolo- 
gists demonstrate, through 
actual hands-on experience, 


how careful dosage planning 
provides maximal hemo- 
dynamic stability throughout 
the entire procedure. To 
arrange a viewing of this film, 
please contact your local 
Janssen Representative. 
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THE SUFENTA* REPORT 


General Surgica al Procedures 


Expected 
Duration 


| to 2 hours 













Types of 
Procedures surgery, bilateral inguinal hernia repair, 


open reduction of fractures 


lto 1.5 
patient), administered with N,O/O,, 

endotracheal intubation and mechanical! 
ventilation 


Recommended 
Induction 
Dose 













Recommended 


10 to 25 ug ©. 2100.5 ml) based upon 
Maintenance | changes in clinical signs and patient's 
| Dose response to initial dose 


For cases lasting 2 hours, pe not 





a 70 kg ee when used with N, O/O, 
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Putting SUFENTA 
to Work in 
Your Practice 





TE , 2in imi, 2ml, 5 
In actual clinical practice, when n. 


used in balanced general anesthe- 
sia, SUFENTA is about 10 times 
as potent as fentanyl. Thus, | ml 
SUFENTA (50 pg/ml) is equiva- 
lent to 10 ml fentanyl (50 ug/ml). 


Because of this potency differ- 
ence, less volume of drug is 
needed, making it especially con- 
venient for use in cardiovascular 
surgery and longer procedures. 
For accurate dosage calibration in 
shorter procedures, a tuberculin 
syringe, a 2 ml insulin syringe or 
dilution may be helpful. 


In a laboratory study, SUFENTA 
has been found to be compatible 
and stable in solution with 5% 
glucose in water, 5% glucose in 
normal saline, lactated Ringer's 
solution and normal saline (tested 
in plastic containers refrigerated 
at 4°-8°C for 24 hours followed 
by 48 hours at room temperature). 
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Adult Dosage Recommendations: À Summary 


Total vaginal hysterectomy, gall bladder 


ugike (1.4 to i, 1 ml for a 70 kg 


be expected to exceed 2 pg/kg (2.8 ml for 





b ufentani citrate} 
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Please see full Prescribing Information, 


including dosage, on next page. 


Major Surgical Procedures 
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2 to 8 hours 










Major orthopedic surgery, carotid 
endarterectomy, nephrectomy, major 
abdominal surgery (e.g., colectomy) 









| to 5 pg/kg (1.4 to 7 ml for a 70 kg 
patient), administered with N,O/O, , 
endotracheal intubation and mechanical 
ventilation 


10 to 25 ug (0.2 to 0.5 ml) based upon 
changes in clinical signs and 
patient’ s response to initial dose 

















For cases lasting 8 howe would not 7 
expected to exceed 8 pg/kg (11.2 ml for || 
a 70 kg patient) when used with N,O/O, | 


ene! 





njection 


5 ml ampoules; 


AB 


SUFENTA (sufentanil citrate) Injection @ 


CAUTION: Federal Law Prohibits Dispensing Without Prescription. 


DESCRIPTION: SUFENTA (sufentanil citrate) is a potent opioid analgesic chemically designated as N-(-4-(methoxy- 


methyl)-1-{2-(2-thienyljethyl]-4-piperidinyll-N-phenyipropanamide 2-hydtaxy-1,2,3-propanetricarboxylate (11). 
SUFENTA is a Sterile, preservative free, aqueous solution containing sufentanil citrate equivalent to 50 ug per mi of 
sufentanil base for intravenous injection. The solution has a pH range of 3.9-6.0. 

CLINICAL PHARMACOLOGY: SUFENTA is an opioid analgesic. When used in balanced general anesthesia, SUPENTA 
has been reported to be as much as 10 times as potent as fentanyl. When administered as a primary anesthetic agent 
with 100% oxygen, SUFENTA is approximately 5 to 7 times as potent as fentanyl. (See dosage chart for more compiete 
information on the use of SUFENTA) At doses of up to 8 pg/kg, SUFENTA provides profound analgesia: at doses 


28 pg/kg, SUFENTA produces a deep level of anesthesia. SUFENTA produces a dose related attenuation of catechol- 


amine release, particularly norepinephrine. 

The pharmacokinetics of SUFENTA can be described as a three-compartment model, with a distribution time af 14 
minutes, redistribution af 17.1 minutes and an elimination half-life of 164 minutes The liver and smail intestine are 
the major sites of brotransformation. Approximately BO% of the administered dose is excreted within 24 hours and 
only 2% of the dose is eliminated as unchanged drug. Plasma protein binding of SUFENTA is approximately 92.5%. 
SUFENTA has an immediate onset of action, with relatively limited accumulation. Rapid elimination from tissue 
Storage sites allows for relatively more rapid recovery as compared with equipotent dosages of fentanyl. At dosages 


of SUFENTA of 1-2 yag/kg, recovery times are comparable to those observed with fentanyl; at dosages of >2-6 pg/kg, 


recovery times are comparable to enflurane, isoflurane and fentany!, Within the anesthetic dosage range of 8-30 
g/kg of SUFENTA, recovery times are more rapid compared to equipotent fentany! dosages. 


At dosages of 28 pg/kg, SUFENTA produces hypnosis and anesthesia without the use of additional anesthetic agents. 


A deep level of anesthesia is maintained at these dosages, as demonstrated by EEG patterns. Dosages of up to 


25 pg/kg attenuate the sympathetic response to surgical stress. The catecholamine response. particularly norepine- 


phrine, is further attenuated at doses of SUFENTA of 75-39 wg/kg, with hemodynamic stability and preservatian of 
favorable myocardial oxygen balance. 
The vagalytic effects of pancuronium may produce a dose dependent elevation in heart rate during SUFENTA-oxvgen 


anesthesia. The vagalytic effect of pancuronium may be reduced in patients administered nitrous oxide with SUFENTA 


The use of moderate doses of pancuronium or of a less vagolytic neuromuscular blocking agent may be used to 
maintain a stable lowes heart rate and blood pressure during SUFENTA-oxygen anesthesia, 


Preliminary data suggest that in patients administered high doses of SUFENTA, initial dosage requirements for neuro: 


muscular Blocking agents are generally lower as compared to patients given fentany! or halothane, and comparable to 
patients given enflurane. 

Bradycardia is infrequently seen in patients administered SUFENTA-oxygen anesthesia. The use of nitrous oxide with 
high doses of SUFENTA may decrease mean arterial pressure, heart rate and cardiac output, 

Assays of histamine in patients administered SUFENTA have shown no elevation in plasma histamine feveis and no 
indication of histamine release. 

SUFENTA at 20 pg/kg has been shown to provide more adequate reduction in intracranial volume than equivalent 
doses of fentanyl, based upon requirements for furosemide and anesthesia Supplementation in one study of patients 
undergoing craniotomy. During carotid endarterectomy, SUFENTA-nitrous oxide/axygen produced reductions in cerebral 
blood flow comparable to those of enflurane-nitrous oxide/oxygen. Durmg cardiovascular surgery, SUFENTA-oxygen 
produced EEG patterns similar to fentany!-oxygen; these EEG changes were judged to be compatible with adequate 
general anesthesia. 

The intraoperative use of SUPENTA at anesthetic dosages maintains cardiac output, with a slight reduction in systemic 
vascular resistance during the initial postoperative period. The incidence of postoperative hypertension, need for 
vasoactive agents and requirements for postoperative analgesics are generally reduced in patients administered 
moderate or high doses of SUFENTA as compared to patients given inhalation agents. 

Skeletal muscle rigidity is related to the dose and speed of administration of SUFENTA. This muscular rigidity may 
Occur unless preventative measures are taken (see Warnings). 

Decreased respiratory drive and increased airway resistance occur with SUFENTA. The duration ang degree of 
respiratory depression are dose related when SUFENTA is used at sub-anesthetic dosages. At high doses. a pronounced 
decrease in pulmonary exchange and apnea may be produced. 

INDICATIONS AND USAGE: SUFENTA (sufentanil citrate)is indicated. 

aS an analgesic adjunct in the maintenance of balanced general anesthesia. 


as a primary anesthetic agent for the induction and maintenance of anesthesia with 100% oxygen in patients under- 
going major surgical procedures, such as cardiovascular surgery or neurosurgical procedures in the sitting positon, 
to provide favorable myocardial and cerebral oxygen balance or when extended postoperative ventilation is anticipated. 


SEE DOSAGE CHART FOR MORE COMPLETE INFORMATION ON THE USE OF SUFENTA. 
CONTRAINDICATIONS: SUFENTA is contraindicated in patients with known hypersensitivity to the drug. 


WARNINGS: SUFENTA should be administered only by persons specifically trained in the use of intra- 


venous anesthetics and management of the respiratory effects of potent opioids. 

An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily available. 
SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence and severity of 
muscle rigidity is dose related. Administration of SUFENTA may produce muscular rigidity with a more rapid onset 
than that seen with fentanyl, SUFENTA may produce muscular rigidity that involves the skeletal muscles of the neck 


and extremities. The incidence can be reduced by: 1) administration of up to '/e of the full paralyzing dose of a non 
depolarizing neuromuscular blocking agent just prior to administration of SUFENTA at dosages of up to 8 poskg, 


2) administration of a fuil paralyzing dose of a neuromuscular blocking agent following loss of consciousness when 
SUFENTA is used in anesthetic dosages (above 8 pg/kg) titrated by slow intravenous infusion, of. 3) simultaneous 
administration of SUFENTA and a full paralyzing dose of a neuromuscular blocking agent when SUFENTA is used in 
rapidly administered anesthetic dosages (above 8 pg/kg). 

The neuromuscular blocking agent should be compatible with the patient's cardiovascular status. Adequate facuities 
shouid be avaiable for postoperative monitoring and ventilation of patients administered SUFENTA. It is essential that 
these facilities be fully equipped to handle all degrees of respiratory depression. 

PRECAUTIONS: General: The initial dose of SUFENTA should be appropriately reduced in elderly and debilitated 
patients. The effect of the initial dose should be considered in determining supplemental doses. 

Vital signs should be monitored routinely 

Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA (see CLINICAL 
PHARMACOLOGY). 

The hemodynamic effects of a particular muscie relaxant and the degree of skeletal muscle relaxation required should 
be considered in the selection of a neuromuscular blocking agent. 

High doses of pancuronium may produce increases in heart rate during SUFENTA-oxygen anesthesia. Bradycardia has 
been reported infrequently with SUFENTA-oxygen anesthesia and has been responsive to atropine. 

Respiratory depression caused by opioid analgesics can be reversed by opioid antagonists such as naloxone. Because 
the duration of respiratory depression produced by SUFENTA may last longer than the duration of the opioid antagonist 
action, appropriate surveillance should be maintained. As with all potent opioids, profound analgesia is accompanied 
by respiratory depression and diminished sensitivity to CO, stimulation which may persist into or recur in the post- 
operative period. Appropriate postoperative monitoring should be employed to ensure that adequate spontanesus 
breathing is established and maintained prior ta discharging the patient from the recovery area. 

Interaction with Other Central Nervous System Depressants: Both the magnitude and duration of central nervous 


system and cardiovascular effects may be enhanced when SUFENTA is administered to patients receiving barbiturates, 


tranquilizers, other opioids, general anesthetics or other CNS depressants. in such cases of combined treatment, the 
dose of one or beth agents should be reduced 

Head injuries: SUFENTA may obscure the chmeal course of patients with head injuries. 

impaired Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased respiratory 
reserve or potentially compro-mised respiration. In such patients, opioids may additionally decrease respiratory drive 
and increase airway resistance. During anesthesia, this can be managed by assisted or controlled respiration, 
impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, SUFENTA should be administered 
with caution due to the importance of these organs in the metabolism and excretion of SUFENTA, 

Carcinogenesis, Mutagenesis and Impairment of Fertility: No jong-term animal studies af SUFENTA have been 
performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that single intravenous 
doses of SUFENTA as high as 80 pg/kg (approximately 2.5 times the upper human dose) produced no structural 
chromosome mutations. The Ames Salmonella typhimurium metabolic activating test also revealed no mutagene 
activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits. 

Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when given ia 
doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These affects were most probably 
due to maternal toxicity (decreased food consumption with increased mortality) following prolonged administration 
of the drug. 

No widens of teratogenic effects have been observed after administration of SUFENTA in rats or rabbits 

There are no adequate and well-controlled studies in pregnant women. SUFENTA shouid be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 


Labor and Delivery: There are insufficient data to Support the use of SUFENTA in labor and delivery. Therefore, such 
use :5 not recommended. 

Nursing Mothers: It is ngt known whether this drug is excreted in human milk. Because many drugs are excreted 
in human milk, caution should de exercised when SUFENTA is administered to 4 nursing woman 

Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardiovascular 
surgery has been documented in a limited number of cases. 

Animal Toxicology: The intravenous LOs, of SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.0 mg/kg in guinea 
pigs and 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of up to 2.5 times 
the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates due to decreased tood 
consumption and anoxia, which preclude any meaningful interpretation of the results. 

ADVERSE REACTIONS: The most common adverse reactions of opioids are respiratory depression and skeletal 
muscle rigidity See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of respiratory 
depression and skeletal muscle rigidity. 

The most frequent adverse reactions in clinical trials valving 320 patients administered SUFENTA were: hypotension 
(7%) hypertension (3%), chest wali rigidity (3%) and bradycardia (3%). 

Other adverse reactions with a reported incidence of fess than 1% were: 


Cardiovascular: tachycardia, arrhythmia 
Gastrointestinal: nausea, vomiting 
Respiwatery: apnea, postoperative respiratory 


Dermatological: itching, erythema 
Central Nervous System: chills 
Miscellaneous: intraoperative muscle movement 


depression, bronchospasm 

DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate} iS a Schedule il controlled drug substance that can 
produce drug dependence of the morphine type and therefore has the potential tor being abused. 

OVERDOSAGE: Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA (see 
CLINICAL PHARMACOLOGY} as with other potent opioid analgesics. However, no experiences of overdosage with 
SUFENTA have been established during clinical trials. The intravenous LDso af SUFENTA in male rats is 9.34 to 12.5 
mg/kg (see ANIMAL TOXICOLOGY for LDgos in other species). Intravenous administration of an opioid antagonist such 
as na oxone shouid be employed as a specific antidote to manage respiratory depression. The duration of respiratory 
depression following overdosage with SUFENTA may be longer than the duration of action of the opioid antagonist. 
Administration of an opioid antagonist should not preclude more immediate countermeasures. in the event of over- 
dosage. oxygen should be administered and ventilation assisted or controlled as indicated for hypoventilation ar apnea, 
A patent airway must be maintained, and a nasopharyngeal airway or endotracheal tube may be indicated. if depressed 
fespitation iS associated with muscular rigidity, a neuromuscular blocking agent may be required to facilitate assisted 
or controlled respiration. intravenous fluids and vasapressars for the treatment of hypotension and other supportive 
measures may be employed. 

DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according to body 
weight. physical status, underlying pathological condition. use of other drugs. and type of surgical procedure and 
anesthesia. in obese patients (more than 20% above ideal! total body weight), the dosage af SUFENTA should be 
determined on the basis of jean body weight Dosage should be reduced in elderly and debilitated patients (see 


PRECAUTIONS}. 
Vital sgns should be monitored routinely. 


See desage range chart for the use of SUFENTA by intravenous injection 1) 
adjunct to general anesthesia, and 2) 


nance of anesthesia with 100% oxygen. 


Usage in Children: For induction and maintenance of anesthesia in children | 


in doses of up to 8 pg/kg as an analgesic 
in doses 28 pg/kg as a primary anesthetic agent for induction and mainte 


ess than 12 years of age undergaing 


cardiovascular surgery, an anesthetic dose of 10-25 pg/kg administered with 100% Oxygen is generally recommended. 


Supplemental dosages of up to 25-50 ug are recommended for maintenance, bas 


as determined by changes in vitai signs indicating surgical stress or lightening of anesthesia. 
Premedication: The selection of preanesthetic medications should be based upon the needs of the individual patient. 
Neuromuscular Blocking Agents: The neuromuscular blocking agent selected should be compatible with the 


patient s condition, taking into account the hemodynamic effects of a 
skeletal muscle relaxation required (see CLINICAL PHARMACOLOGY. WARNINGS and PRECAUTIONS). 


ADULT DOSAGE RANGE CHART 
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ADMINISTRATION WITH NITROUS OXIDE/OXYGEN FOR SURGICAL PROCEDURES 
LASTING UP TO EIGHT HOURS: 


© TOTAL DOSAGE REQUIREMENTS OF 1:,6/KG/HR OR LESS ARE RECOMMENDED 


1-2 pg/kg: Expected duration of anesthesia 1-2 
hours. Approximately 75% or more of total SUFENTA 


dosage may be administered prior to intubation. 


Adm nistered with nitrous oxidefoxygen in patients 
undergoing general surgery in which endotracheal 
intubation and mechanical ventilation are required. 


2-8 ugkg: Expected duration of anesthesia 2-8 
hours. Approximately 50 to 75% of total SUFENTA 


dosage may be administered priar to intubation. 


Administered with nitrous oxide/oxygen in patients 


undergoing more complicated major surgical proce- 


dures. At dosages in this range, SUFENTA has been 
shown to provide some attenuation of sympathetic 
reflex activity in response to surgical stimuli, provide 
hemadynamic stability, and provide relatively rapid 
fECOVETY. 


10-25 pg (0.2-0.5 mi): as needed when movement 
and/or changes in vital signs indicate surgical stress 
or lightening of analgesia. Supplemental dosages 
should be individualized and adjusted to remaining 
operative time anticipated. 


10-50 ug (0.2-4 ml): as determined by changes in 


vital signs that indicate stress or lightening of anat- 
gesis. Supplemental dosages should be individual- 


ized, and adjusted to the remaining operative time 
anticipated. 


ADMINISTRATION WITH 100% OXYGEN 


8-30 pg/kg: (anesthetic doses) administered with 
160% oxygen and a muscle relaxant. SUFENTA has 
been found to produce sleep at dosages >8 jag/kg 
and t3 maintain a deep ievel of anesthesia without 
the use of additional anesthetic agents. At dosages 
in thes range of up to 25 pg/kg, catecholamine 
release is attenuated. Dosages of 25-30 pg/kg have 
been shawn to block sympathetic responses including 
catecholamine release. High doses are indicated in 
patiems undergoing major surgical procedures, such 
as cardiovascular surgery and neurosurgery in the 
sitting position with maintenance of favorable myo 
cafdiat and cerebral oxygen balance. Postoperative 
mechanical ventilation and observation are essential 
at these dosages due to extended postoperative 
respiratory depression. 

















25-50 pg/kg (0.5-1 mi): as determined by changes 
in vital signs that indicate stress and lightening of 
anesthesia. 


ed on response to initial dose and 


particular muscle relaxant and the degree of 










in patients administered high (anesthetic) doses of SUFENTA, it 1s essential that qualified personne! and adequate 
facilities are available for the management of postoperative respiratory depression. 
Aisa see WARNINGS and PRECAUTIONS sections. 
For purposes of administering smali volumes of SUFENTA accurately, the use of a tuberculin syringe of equivalent 
iS recommended. 


Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, 


whenever solution and container permit. l ra 
HOW SUPPLIED: SUFENTA (sufentanii citrate) Injection far intravenous use is available as: 


NOC 50458-050-01 


a JANSSEN 
x) 


PHARMACEUTICA 


danssen Pharmaceutica inc. 
Piscataway, NJ 08854 


50 ug/mi, | mi ampoules in packages of 10 
NDC 50458-050-02 50 pg/mi, 2 mi ampoules in packages of 10 
NOC 50458-050-05 50 pg/ml. § mi ampoules in packages of 10 


Protect from tight. 
Store at room temperature. 


US Patent No. 3.998.834 
7618503-M 
May 1984, January 1986 


- Myocardial ischemia 
isoften 
a major concern in 





sid gaa eaten 













oh 





ie 





AKOKAN 


energy efficient 


Sah ERE Sie SF, eae Rv ERH epee Re CRE ERIGE 
5 Ses SURES On Seat a z! vee SIETE AEA 7: E es 
ste, ag pire E TAA a i : SIP ESAS z Eee AAS ee za Bmx Ka PAR 
d ot : 3 À wont y o eRe ne ae Se DPS PEN EY BEEN Paty Sot 3 PRO eA RA, s; 7 
PES UEA E AE $ 5; F : PS te oot onsen È SPA hy nea eb eee Y ade Sag eke ee patted Se wri ee X 
. : : . 5 . an s ia s J s oe 7 RNE ME oet ee EANET RA k eres ws 3 T s, 5i! Rares 
f KE er s ` bi ~ 3 m Sr Tiga Si: ES aa See Ee a Bat SE es ante Bat Rene eae Sis 
Be eae Re s $ i z ; SS E = = ah ; GEST elude a Soph E Bes Casey eaten . iss Patera nOA BEE j 
teen d n O e E aripi 5 3 + EXE TEY 5 A iE eae SoS wd SES E E SEELYES Peete estate Sora j: 
fee Sst otra te : À : A fs cit z i 2 riena Een $ oe A eh, SATT re ath artes igh gavin Cee aR 
: í eh $ g * E ` : ý ME 4 Ses 4 Paton tats AA fetes eset Setar nets SSE SES, athens nines 
7 A PAS? i Mei à peek SIEBSRE SS OSES AAS ET Eee a E tibetan nyu sa acetic cess ibe ke 
: oF DF Kien e Anr : : 3 SHES een Se RTTE A Reg Lan ATSE tenses wit 
ae tee a F wen, te Te ak ea ear eee k z, s 3 af ee tats E EAT TREE as ENER AREE F 
e ai IN EARE f A ETA R Ta y 5 f 7 x cee ete Ban ete Berean 





AMRINONE 


The energy-e 
that does Ci 






























myocardial 




















lally increases co: 















INOCOR is intended for sho 
who can be closely monitor 
to prior treatment with digitalis, dit 
*For important product information concerning contraindications, 3 


and precautionary recommendations, please see last page. 
© 1985 Winthrop-Breon Laboratories Bee 
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INOCOR lactate injection, brand of amrinone lactate, represents a new class of cardiac 
HOPG. agents with vasodilator activity, distinct from digitalis glycosides or 
techolamines. . 
MIGATIONS AND USAGE (INOCOR iactate injection is indicated tor the short-term 
management of Congestive heart failure in patients whe can be Closely monnored and 
nave not responded adequately to digitalis, diuretics, and/or vasodilators ) 
NOCOR lactate injection is indicated for the short-term management of conges- 
tt failure Because of limited experience and potential for serious adverse 
GCIS [see ADVERSE REACTIONS). INOCOR should be used only in patients who can 
De closely monitored and who have not responded adequately to digitalis, diuretics, 
‘j sdiators. Although most patients have been studied hemodynamically for 
y up to 24 hours, some patents were studied for longer periods and 
consistent hemodynamic and clinical effects. The duration of therapy 
On patient responsiveness. 
CAT INOCOR lactate injection is contraindicated in patients who 
w ive to it. 
HS also Contraindicated in those patients known to be hypersensitive to bisulfites. 
TIONS General: INOCOR lactate injection should not be used in patients with 
aortic or pulmonic valvular disease in lieu of Surgical relief of the obstruction. 
ef Inotropic agents, it May aggravate outflow tract obstruction in hypertroohic 
Stenosis 


intravenous therapy with INOCOR lactate injection, biood pressure and 
ate Should be monitored and the rate of infusion slowed or stopped in patents 
excessive decreases in blood pressure. , 
Patients who have received vigorous diuretic therapy May have insufficient 
fac filing pressure to respond adequately to INOCOR lactate injection, in which 
autous liberalization of fluid and electrolyte mtake May be indicated. 
Supraventricular and ventricular arrhythmias have been observed in the very 
risk population treated. While amrinone per se has not been shown to be 
Ahmogenic, the potential for arrhythmia, present in congestive heart failure itself 
increased by any drugor combination of drugs. ; 
mbocytopenia and hepatotoxicity have been noted (see ADVERSE 








TESTS Fluid and electrolytes: Fluid and electrolyte changes and renal 
be carefully monitored during amrinone lactate therapy. Improvement 
it with resuRant diuresis may necessitate a reduction in the dose of 
um loss due to excessive diuresis may predispose digitalized patents 
Therefore, hypokalemia should be corrected by potassium supple- 
ance of or during amrnone use. 
RACTIONS In a relatively limited experience. no untoward cimcal mari. 
nS Nave Deen observed in patents in whom INOCOR lactate injection was used 
ntly with the following drugs: digitalis glycosides, lidocaine, quinidine, meto- 
prandiol, hydralazine, prazosin, sosorbide dinitrate. nitroglycerine: chiorthat- 
hacrynic acid, furosemide, hydrochlorothiazide. spironolactone, captopril, 
‘atfatin, potassium supplements, insulin, diazepam. 
ne Case of excessive hypotension was reported when armrinone was used 









ith disopyramide. 
additional experience is available, concurrent administration with Norpace’ 
Ke should be undertaken with caution. 

STE MYOCARDIAL INFARCTION INOCOR ıs not recommended for use in 
cardial intarction. 
N Safety and effectiveness in children have not been established 
NANCY Pregnancy category C. In New Zealand white rabbits, amrinone 














ependent of the effects of 


_ digitalis and catecholamines 
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; NURS RS Caution should be exercised when amnnone is 
WnISteFE? TO nursing women, since if is not Known whether i is excreted in human 


WVERSE REACTIONS Thrombocytopenia: intravenous INOCOR lactate mecton 
resutedin platelet count reductions to below 100,000/mm? in 2 4% of patents. 

` Gastrointestinal effects. Gastrointestinal adverse reactions reported with INOCOR 
lactate injection during clinical use included nausea (1.7%), vomiting (0.9%), abdominal 
pair (0.4%), and anorexia (0 4%}. 

Cardiovascular effects. Cardiovascular adverse reactions reported with INOCOR 

tate injection include arrhythmia (3%) and hypotension (13%) 

‘Hepatic toxicity. in dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day. 
prinone showed dose-related hepatotoxicity manifested either as enzyme eievaton 
or hepatic cell necrosis or both. Hepatotoxicity has been observed in man following 
longterm orai dosing and has been observed. n a limited expenence (0.2%), lallowing 
V.adrrunistration of amrinone. 

Hypersensitivity. There have been reports of several apparent hypersensitivity reac- 
tons in patients treated with oral amnnone for about two weeks Signs and symptoms 
wate variable but included pencarditis. pleuntis. and ascites {one Case) myositis with 
_anterstitial shadowing on chest x-ray and elevated sedimentation rate fone case): and 
vascLitis with nodular pulmonary densities, hypoxemia. and jaundice (one case) The 
first patient died, not necessarily of the possible reaction, while the last two resolved 
with discontinuation of therapy. None of the cases were rechalienged, so attnbution to 
inore is not certain, but possible hypersensitivity reactions should be consideredin 

lent maintained for a prolonged penod on amnnone 

eneral Additional adverse reactions observed in intravenous armnnone cinical 
ne ies mchide fever (0.9%), chest pam (0.2%), and burning at the site of injecton 























RDOSAGE Doses of INOCOR lactate injection may produce hypotension 
e@ of ts vasodilator effect. if this occurs, amnnone administration should be 
dor discontinued No specific antidote is known, but general measures for 
¥ Support should be taken 
GEMENT OF ADVERSE REACTIONS Platelet count reductions Asympto- 
tglet Count reduction (to jess than 150,000/mm>} May De reversed within one 
Secrease in drug dosage. Further, with no change in drug dosage, the count 
lize at lower than predrug levels without any clinical sequelae. Predrug platelet 
a frequent platelet counts dunno therapy are recommended to assist in 
AS regarding dosage modifications 
Should a platelet countless than 180.000/mm! occur. the following actions may be 





















by potassium supplementation 
ince of or during amrinone use. 







Maintain total daily dose unchanged, since in some cases counts nave either 
bilized of returned to pretreatment levels 
Vecréase total daily dose. 
‘Discontinue amrinone if, in the chrical judgment of the physician. nsk exceeds the 
potential benefit. 
aasiroitestinal side etfects: While gastrointestinal side effects were seen infrequently 
with IY therapy, should severe or Gebiitaing ones occur the physician may wish to 
ofeduee dosage or discontinue the drug based on the usual benefit-to-nek 
oo Considerations. f 
2 Hepatice toxicity: in clinical expenence to date with IV administration, hepatotowcty has 
“rarely been observed. H acute marked alterations in iver enzymes occur together with 
pote T a RE a Os l OL ERS PRE cata A. S eee slapie Suggesting an khosyncrahc hypersensitivity reaction. amnnone 
ge we | wd a eee eee = . i ‘ vee eg Ege ther, fornpiy discontinued 
ce brief summary of product information on this page for contraindications, adverse ee ou = be eae re ok occur without Clinical symptoms, these 
ae Tal us Aenspecific changes should be evaluated on an individual Dasis. The clinician may 
wish to. continue amrinone and reduce the dosage or discontinue the drug based on 
oo thé usual benefit-to-risk considerations 
TEAR Jai SUPPLIED Ampuls of 20 mL stente, clear yellow solution containing INOCOR 
CEAT Sfogimi, box of 5 (NDC 0024-0888-20) Each imi contains INOCOR lactate 


ee aoe ne nls is ae ore saps es = p P :  BQuivaient to 5.mg base andG 25 m sodium metahisulfite in water for muection 
p-Breon Laboratories, Division of Sterling Drug Inc., New York, NY 10016 soes e T 3 ee as mt 
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KALSA, 


Significantly Superior Postoperative 
Antiemetic Prophylaxis 


Please see next page for brief summary of Prescribing information. 
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Over a decade 
of on-line 
antiemetic 
experience 


» Proven in double-blind studies to provide postoperative 
antiemetic effect (when given perioperatively) that is 
significantly superior to placebo,'? diazepam? and 


hydroxyzine?* 


» Potent antiemetic activity extends through discharge 


from recovery room 


» May be administered intraoperatively in long 


short procedures 


procedures as well as preoperatively in both long and 


» Helps maintain cardiovascular stability by protecting 
against hypertensive episodes, heart rate changes and 


the pressor and arrhythmogenic effects of epinephrine 


» Facilitates a comfortable, anxiety-free emergence, 
reducing the need for postoperative opioids 





Significantly Superior Postoperative Antiemetic Prophylaxis 


Before prescribing please consult complete prescribing information, 


of which the following is a bret summary 

Protect from light. Store at room temperature. 

FOR INTRAVENGUS OR INTRAMUSCULAR USE ONLY 
Droperidol is a neuroleptic (tranquilizer) agent. 

DESCRIPTION: 277). and 5 mi. ampoules: Fach mi. contains 
Droperido! 2.5 mg. and lactic acid for pH adjustment to 34 + 04 
10 ml vials. Each mi contains Dropendal 25 mg. with 18 mg 
methylparaben and 0.2 mg. propyiparaben, and lactic acid for 
pH adjustment to 34 +04 


INDICATIONS: INAPSINE (droperidol) 1s indicated: * to produce 
tranquilization and to reduce the incidence of nausea and veamiting 
in surgical and diagnostic procedures. * for premedication, induc- 
tion, and as an adjunct in the maintenance of general and regional 
anesthesia, * in neuroleptanalgesia in which INAPSINE idraperdot) 
is given Concurrently with a narcate analgesic, such as SUBLIMAZE’ 
(fentanyl) mection, to aid in producing tranquility and decreasing 
anxiety and pain. 


CONTRAINDICATIONS: INAPSINE (droperidol ts contraindicated 
in patients with known intolerance to the drug. 


WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO 
MANAGE HYPOTENSION SHOULD BE READILY AVAILABLE. 
As with other CNS depressant drugs, patients who have received 
INAPSINE (droperidol) should have appropriate surveillance. 

If INAPSINE (droperidol) is administered with a narcotic analgesic 
such as SUBLIMAZE (fentanyl), the user should familiarize himself 
with the special properties of each drug, particularly the widely 
differing durations of action in addition. when such a combination 
is used. resuscitative equipment and a narcotic antagonist should 
be readily available to manage apnea. See package insert for fen- 
tany! before using Narcotic analgesics such as SUBLIMAZE (fen- 
tany!) may Cause muscle ngidity. particularly involving the muscles 
of respiration. This effect is related to the speed of injection. its 
incidence Can be reduced by the use of slow intravenous injection 
Once this effect occurs. it is managed by the use of assisted or 
controlled respwation and, if necessary by a neuromuscular block- 
ing agent compatible with the patient's condition. 

The respiratory depressant effect of narcotics persists longer 
than their measured analgesic effect. When used with INAPSINE 
(droperidol), the total dose of all narcotic analgesics administered 
Should be considered by the practitioner before ordering narcotic 
analgesics during recovery from anesthesia. It 1s recommended 
that narcotics. when required, be used mutially in reduced doses as 
low as Va to '⁄ those usually recommended. 


PRECAUTIONS: The initial dose of INAPSINE {droperidol} should 
be appropriately reduced in elderly debilitated and other poor-risk 
patients. The effect of the initial dose should be considered m 
determining incremental doses. Certain forms of conduction anes- 
thesia, such as spmal anesthesia and some peridural anesthetics. 
can Cause penpheral vasodilatation and hypotension because of 
sympathetic blockade. Through other mechanisms, INAPSINE 
(droperidol) can also alter cwculation. Therefore, when INAPSINE 
{droperidol is used to supplement these forms of anesthesia. the 
anestheust should be familiar with the physiological alterations 
involved. and be prepared to manage them in the patients selected 
for this form of anesthesia. 

it hypotension occurs, the possibility of hypovolemia should be 
considered and managed with appropriate parenteral fluid therapy 
Repositioning the patient to improve venous return to the heart 
shouid aiso be considered when operative conditions permit H 
should be noted that in spinal and pendural anesthesia. uiting the 


patient into a head down position may result in a higher level of 
anesthesia than is desrable. as weil as impair venous return te 
the heart. Care should be exercised in moving and positioning of 
patients because of the possibility of orthostatic hypotension H 
volume expansion withrtluids plus other countermeasures do not 
correct the hypotension. then the administration of pressor agents 
other than epinephrine should be considered Epinephrine may 
paradoxically decreasethe blood pressure in patients treated with 
INAPSINE (droperdal) due to the aipha-adrenergic blocking action 
of droperidol 

Since INAPSINE idroperidol} may decrease pulmonary arterial 
pressure, this fact should be considered by those who conduc! 
diagnostic or surgical procedures where interpretation of pulmo- 
nary arterial pressure measurements might determine final man- 
agement of the patient Vital signs should be monitored routinely 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, 
narcotics, and general anesthetics) have additive or potentiating 
effect with INAPSINE (droperidol). When patients have received 
such drugs. the dose of INAPSINE (drogeridot} required wall be less 
than usual. Likewise. following the admuristratian of INAPSINE 
(droperidol). the dose of other CNS depressant drugs should be 
reduced. 

INAPSINE idroperide!) should be administered with caution to 
patients with liver and kidney dysfunction because of the impor- 
tance of these organs in the metabolism and excretion of drugs 

When the EEG 1s used for postoperative monitoring, it may be 
found that the EEG pattern returns to normal slowly. 

since INAPSINE (droperidol) is frequently used with the narcotic 
analgesic SUBLIMAZE ifentany!), s should be noted that fentany! 
may produce bradycardia, which may be treated with atropine 
however, fentanyi shouid be used with caution in patients with 
cardiac bradyarrhythmas. (See full prescribing information for 
complete description j 
ADVERSE REACTIONS: The most common adverse reactions 
reported to occur with INAPSINE (droparidal) are mild to moderate 
hypotension and occasionally tachycardia. but these effects usually 
subside without treatment. if hypotension occurs and is severe or 
persists, the possibility-of hypovolemna should be considered and 
Managed with appropriate parenteral fhad therapy. Postoperative 
drowsiness is also frequently reported. 

Extrapyramidal symptoms (dystonia. akathisia, and oculogyric 
crisis} have been observed following administration of INAPSINE 
(droperigol). Restiessness, hyperactivity and anxiety which can be 
either the result of inadequate dosage of INAPSINE (droperidol) or 
a part of the symptom complex of akathisia may occur. When 
extrapyramidal symptems occur they can usually be controlled 
with anti-parkinson agents. 

Other adverse reactions that have been reported are dizziness. 
chills and/or shivering. laryngospasm, bronchospasm and post- 
operative haliucinatory-episades sometimes associated with 
transient penods of mental depression) 

When INAPSINE (droperidol) is usec with a narcotic analgesic 
such as SUBLIMAZE (fentanyl), respwatary depression, apnea. and 
muscular rigedity can occur if these reman untreated, respiratory 
arrest could occur 

Elevated blood pressure. with or without pre-existing hyperten- 
sion. has been reported following adm-nistration of INAPSINE 
(dropendol) combined with SUBLIMAZE (fentanyl) or other paren- 
terai analgesics Ths might be due to unexplained alterations in 
sympathetic activity following large doses: however itis also fre- 
quently attrouled to anesthetic or surgical simulation during ight 
anesthesia. 





DOSAGE AND ADMINISTRATION: Dosage should be individualized 
Some of the factors ta be considered in determuning the dose are 
age, body weight, physical status. underlying pathological condi- 
ton. use of other drugs. type of anesthesia fo be used. and the 
surgical procedure involved 

Vital signs should be monitored routinely 

Usual Adult Dosage 

| Premedication~(o be appropriately modified in the elderly 
debilitated. and those who have recerved other depressant 
drugs) 2.5 to 10 mg. (1 to 4 mi) may be administered intra- 
muscularly 30 to 60 minutes preoperatively 

ll Adiunet to General Anesthesia 
induction -2.8 mg. (1 mi) per 20 to 25 pounds may be admunis- 
tered {usually intravenously} along with an analgesic and/or 
general anesthetic. Smaller doses may be adequate The total 
amount of INAPSINE (droperidol) admmnistered should be trated 
to obtain the desired effect based on the individual patient's 
response. 

Maintenance—1 25 to 2.5 mg. (0.5 to 1 mid usually intravendusly 
(See warning regarding use with Concomitant narcotic analgesic 
medication and the possibility of widely differing durations at 
action), 

INNOVAR rection is administered in addition to INAPSINE 
(droperidol), the calculation of the recommended dose ot 
INAPSINE idropendolj should include the dropendo! contained 
in the INNOVAR injection. See INNOVAR imection Package Insert 
for full prescribing information. 

Use Without A General Anesthetic In fhagnostic Procedures— 
Administer the usual IM premedication 2.5 to 10 mg. (1 to 4 mi) 
30 to 60 minutes before the procedure. Additional 1.25 to 2.5 
mg. (0.5 to 1 ml) amounts of INAPSINE (droperidol) may be 
administered. usually intravenously (see warning regarding use 
with concomitant narcotic analgesic medication and the possi 
wiity of widely differing durations of action) 

Note: When INAPSINE (droperidol) is used in certain proce- 
dures. such as bronchoscopy appropriate topical anesthesia is 
stil necessary. 

IV Adjunct to Regional Anesthesia—2.5 to 5 mg. (1 to 2 mi) may 
be administered intramuscularly or slowly intravenously when 
additional sedation is required. 

How Supplied: Z mi and 5 mi ampoutes—~packages of 10: 

10 mi. multivle-dose vials~ packages of 10 

US. Patent No. 3161645 

NDC 50458-010-02. NDC 50458-010-05. NDC 50458-01040 

March 1980, Revised June 1980 IP4iC98-M 

Manufactured by TAYLOR PHARMACAL CO for 
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Janssen Pharmaceulica Inc. Piscataway. New Jersey 08854 


REFERENCES: 1. Patton CM Jr Moon MR. Dannemiller FJ The 
piophylache anhemetic effect of drapendoi. Anesth Anai 1974.53:361-364 
2. lornetta FJ. A comparison of dropendol, diazepam, and rydroxymne 
nydrochionde as premedicanon. Anesth Anal 1977-56 496-500, 

3. Mehta P Theriot E, Mehrotra D. et at Comparative evaluation of 
freanesthetic medications Cur Ther Res 1984-35 744.729 
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You can now have advanced CSA 
capability neatly packaged in a single 
carrying case ready to take with you to 
the operating room, recovery room or 
intensive care unit. The NEW Compressed 
Spectral Array, now available on all Bio- 
logic systems, is especially impressive 
when presented on the portable Traveler. 
This new IBM* PC compatible system is so 
easy to use that extensive training won't 
be necessary. Your keyboard controlled 
high-tech assistant will guide you with 
onscreen prompts. 





Two channels of EEG activity, with 
waves, time plots, and numerical 
analyses. 


The CSA Solution 

Determining patients’ condition from 
the appearance of their EEG demands 
considerable scrutiny. Yet this information 
is crucial in many situations commonly 
faced by the physician. Depth of anesthe- 
sia, for example, is clearly indexed by 
FEG. But because of drawbacks stemming 
from difficulty of data gathering and in- 
terpretation, it often is not used for this 


* TM International Business Machine Corp. 


purpose. The Bio-logic CSA provides a 
means of abstracting the essence of the 
EEG message and displaying it in a conven- 
ient and easy-to-comprehend form. 


Flexible Advanced Capability 

You can save pounds of paper because 
the EEG can be reduced to user selected 
blocks of time which can be viewed in- 
stantaneously on the video screen. Also, 
you may choose to print out those selected 
blocks of time or store the data for subse- 
quent evaluation. You can recognize the 
frequency shifts and amplitude changes in 
six bands of the power spectrum at a 
glance. Processed EEG may be displayed 
on any combination of three display for- 
mats: trend analysis, numeric plot, and 
CSA graphics. A built-in impedance test 
allows you to quickly check electrode 
impedance at any time. The optional color 
display enhances the differentiation 
between channels. 


Expandability 

The CSA Traveler provides up to four 
channels of capability with single or dual 
floppy disk storage. Maintaining the stan- 
dards set by the powerful Bio-logic System 
7, Navigator and Brain Atlas, which offer 
up to 19 channels of CSA capability, the 
Traveler is truly expandable. You can add 
auditory, visual and somatosensory 
evoked potential testing, as well as ENG, 
ENN, NCV, Bone Conduction, ECoG, 40 
Hz ERP, and still have a portable system. 
Actually, with additional hardware com- 
ponents, the CSA Traveler can even be 
expanded to include ERG, EOG and topo- 
graphic brain mapping. 





Sixteen channels of CSA activity using 
waveform display mode. 


Affordable 

Just like the other revolutionary 
Bio-logic systems, the CSA Traveler is re- 
markably affordable. Incorporating state- 
of-the-art technology, Bio-logic continues 
to challenge the industry by offering the 
ultimate in capability for a reasonable price. 


Customer Support 

Whether it’s providing reliable sys- 
tems, fast service or professional seminars 
the customer is a top priority at Bio-logic. 
You will remain pleased with our ongoing 
product enhancement efforts. Our prod- 
ucts are designed according to our cus- 
tomers’ specifications. Ask about our 
introductory discount today. 
Call us toll free 1-800-323-8326 
(Illinois, call collect 312-564-8202) 





Corporate Europe/Middle East 


Headquarters Dickenson House, Albion Street. 

425 Huchi Road Chipping Norton, 

Northbrook Oxfordshire, UK OX75B] 

IL 60062 Telephone: 0608 41981 

USA Telex: Ref. EEGOO1, 265871 MONREF 


No Complications 
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Undetected hypoxia is known to be 
the most common cause of anesthetic 
related mortality. Unfortunately, the 
Slandardly monitored variables of heart 
rate, blood pressure and skin color are 
not sensitive enough to give an early 
warning of hypoxia. Practitioners need 
an edge —an early warning of hypoxia— 
fo fight back. 

Fortunately, the concerned practi- 
tioner can now select a variety of non- 
invasive techniques for 0./CO, 
monitoring which are both practical 
and affordable. Choosing which tech- 
nique can be complicated. And which 
manufacturer even more so. Or, you 
can choose Novametrix. 

Novametrix is the only company that 
manufactures all three types of continu- 
ous 0,/CO, monitoring systems. We 
recognize that all three have important 
roles in clinical practice. We keep the 
complications to a minimum. And we 
leave the choice up to you. 

Novametnx has been out front 





among system manufacturers for 
nearly a decade. We pioneered the 
transcutaneous 0./CO. CO, MMO. N 
SENSOR ™ electrode, and more inno- 
vations that have become industry 
standards. Qur monitors are more reli- 
able, easier to use and read, simpler to 
maintain than others. Because you 
can't afford complications. 

No complications, either. in Nova- 
metrix’ sales support and service. We 
stand behind every system we sell. Qur 
Sales reps understand your needs as 
well as our product lines. They can help 
you make the right choice. And we'll 
give you all the training you need to get 
the most from the systems you choose. 

Protect your patients~and yourself. 
No complications. Choose one or 
more 0./CO, monitoring systems from 
Novametrix. Call us toll-free at 1-800- 
243-3444, Or write Novametrix Medi- 
cal Systems Inc., 1 Barnes Industrial 
Park Road, P.O. Box 690, Wallingford, 
CT 06492. 








Pulse Oximetry 


When pulse oximetry - measuring 
the percentage Q, saturation of arterial 
blood—is the technology of choice, the 
choice is Novametrix. Accurate and 
reliable, the Model 500 Pulse Oximeter 
requires no warm-up time and sets up 
fast with its own self-diagnostic check. 
The simple, easy to use message cen- 
ter programs high and low alert limits, 
which are retained in memory. Large, 
easy to read displays are enhanced 
with a separate pulse amplitude bar 
graph. Small and lightweight, this 
microprocessor based system can run 
up to 20 hours on a single battery 
recharge. The leader in sensor technol- 
ogy, Novametnx provides a vanety of 
trouble-free, reusable sensors for every 
application. 
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End Tidal CO, 


Finally, an End Tidal CO/, monitor which 
needs no calibration. Exclusive auto- 
zeroing gives you total accuracy. The 
calibration needs to be checked only 
once every six months because medi- 
cal professionals demand simplicity 
and reliability. 

Condensation problems plague end 
tidal monitors. But not Novametnix. 
Our exclusive dehumidification inter- 
face kit eliminates troublesome water 
traps. Sophisticated electronics. Sim- 
ple operation. Features like large LED 
readouts, one-button alarm, and 
apnea alert. Our system meets the 
toughest professional demands. 





Transcutaneous 0,/C0, 


Novametrix continues to lead the 
industry in transcutaneous monitoring 
systems. In the OR, at the bedside, 
and in transport, there's no easier way 
to effectively and continuously monitor 
skin tissue 0, and CO,. 

One sensor is all it takes. Just 
switch on the power, push the auto-cal 
button, and you're ready to monitor. 
Run on AC power or on a rechargeable 
battery for up to 8 hours. 

A no-nonsense front panel features 
simple pushbutton controls and alert 
limits, and easy-to-read displays. Oper- 
ation is smooth and trouble-free. Sen- 
sor reponse is quick, with minimal 
drift. Everything you want in a transcu- 
taneous monitoring system. That's 
why Novametnx has sold more than 
anyone else. 
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As safe 


as albumin or PPF 

In comparative clinical studies, platelet 
counts, hematocrits, serum fibnnogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
orctein fraction (PPF).' 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.*° As with any volume 
expander, patients should be moni- 
torad for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 


systemic sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection.” 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also has a negligible effect on sub- 
sequent blood typing or cross- 
matching.” 


As effective 


as albumin or PPF 
Comparative clinical studies have 
repeatedly demonstrated that Hespan 
is as effective as albumin or PPF in 
postoperative myocardial revasculari- 
zation, and hemorrhagic, traumatic, 
or septic shock.*?’ 
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No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter >’ 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients!” And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 


of albumin or PPF 


Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information, contact 
the Medical Services Department, 
American Critical Care, 1600 Wauke- 
gan Road, McGaw Park, IL 60085. 
Phone 1-800-323-4980. 


Lifesaving, 
moneysaving 


HESPAN 


hetastarch 











American Critical Care 


American Hospital Supply Corporation 


Please see references and brief summary of 
prescribing information on following page. 
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6% Hetastarch in 0.9% Sodium Chloride 
Injection 


CONTRAINDICATIONS 

Hetastarch is contraindicated in patients with severe 
bleeding disorders or with severe congestive cardiac and 
renal falture with oliguria or anuria. 

HARNINGS 


Large volumes may alter the coagulation mechanism. Thus, 
administration of hetastarch may result in transient projon- 


` Hematocrit may be decreased and plasma proteins diluted 
excessively by administration of large volumes of 
hetastarch. 


Usage in Leukapheresis: Significant declines in platelet 
SPUN eee ái 
donors rgoing repeat ee oe 
‘ to the volume expanding effects of hetastarch. Hemoglobin 
levels usually return to normal within 24 hours. Hemoditu- 
tion by hetastarch and saline may also result in 24 hour 
rodde protein, albumin, caiclum and fibrinogen 

eS. 


women, particularly during early pregnancy, 
ess in the judgment of the physician the potential bene- 
fits outweigh the potential hazards. 

ae No data available partaining to uss in 
c 

The safety and compatiblity of additives have not been 
established. 


PRECAUTIONS 3 
The of circulatory overload should be kept in 


0.83 28 fille 0.0-0.7 mg%) have been reported in 
2 out normal subjects who received muttiple heta- 
Starch infusions. Total biirubin was within normal Emits at 
ali tenes: indirect bilirubin returned to normal by 96 hours 
following the fina! Infusion. The significance, If any of these 
elevations is not known; however caution be 
observed before administering hetastarch to patients with 
a history of [Wer disaase. 

Regular and frequent clinical evaluation and laboratory 
determinations are necessary for proper monitoring of 
Rataetareh ule chia leakantiereste Geulles shoul 
include CBC, total faukocyte and plateiet counts, leukocyte 
Offerential n hematocrit, prothrombin . 


reactions have been reported (see ADVERSE REACTIONS). 
H such reactions occur they are readily controlled by dls- 
continuation of the drug and, if necessary, administration of 
an artihistaminic agent. 


The following have been reported vomiting, mild tempera- 


ture elevation, chills, itching, submaxillary and parotid glan- 
dutar enlargement, mild influenza-tke symptoms, head- 


0094-0037-05-Hespan’ { 
Sodium Chicride Injection) is supplied sterile and nonpyro- 
genic in 500 mi intravenous infusion b 


UTION 
Federal (U.S.A) law prohittts dispensing without pre- 
scription. 


Rev: Feb., 1982 
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Journal ofthe — 
American Geriatrics Society 
GENE H. STOLLERMAN, MD . JOHN P. BLASS, MD, PhD 
Editor Associate Editor ` 


Boston University Hospitals White Plains, NY © 
Boston, MA 


Journal of the American Gerlatrics perak has bec 
providing the medical community with outstanding origin 
coverage of all aspects of geriatrics for over 30 year 
Emphasizing original research, Journal of the America 
Gerlatrics Society publishes both clinical and basic scienc 
studies on a broad range of topics. A distinguished editori 
board, drawn from a wide variety of medical specialtie 
ensures the accuracy, high quality, and noteworthiness 
every contribution selected for publication. 


Regular features of Journal of the American Gerlatrh 
Society include: 


e Medical Ethics and Humanities 
thought-provoking viewpoints on the difficult ethical que 
tions facing all physicians who treat the elderly 


e Law and Public Policy 
clear, concise reports on the latest legislative and judici 
developments that affect patient management 


e Clinical Experience’ - . 
practical solutions to common problems in geriatric heal 
care i 


Geriatricians, internists, cardiologists, rheumatologists, ps 
chiatrists, endocrinologists, family practitioners, and othe 
who treat A eg hale rely on Journal of the America 
Geriatrics ty for up-to-date information on all aspec 
of geriatric health care. 


Journal of the American Geriatrics Society is abstracted/indexe 
in Index Medicus, Current Contents, Science Citation index, Aul 
matic Subject Citation Alert, Social Sciences Citation Index, at 
ISi/Biomed. 


1986 Subscription Information: 


Journal of the American Geriatrics Society 
Volume 34, 12 issues, 1986 

Institutional Rate: $75.00 

Personal Rate: $65.00 


For air delivery in the U.S., Canada, and Mexico, add $28.0( 
Subscribers outside the U.S. should add $13.00 for surface deliver 
not available to Europes); $17.00 for surface air lift delivery t 

urope; $55.00 for air delivery to the rest of the world; $29.00 fc 
surface air-lift delivery to Japan. 


Sample copies are available. 
ISSN; 0002-8614 


For sample copies, send to 


in North and South America: 
Elsevier Sclence Publishing Co., Inc. 
P.O. Box 1663 

Grand Central Station ` 

New York. NY 10163-1663 


in the rest of the world: 
Elsevier Science Publishers 
Direct Mail Department 

P.O Box 211 

1000 AE Amsterdam 

The Netherlands 


Note: Send subscription orders to elther your usual supplier o 
the New York address. All subscriptions begin with the first issue c 
the calendar year. Subscription rates valid through Dec. 31, 198¢ 
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A hypotensive agent for craniotomy and clipping of aneurysms 
Isoflurane may be used as both anesthetic 0.5% 4% 2% 

and hypotensive agent, providing for pre- l a 
cise control of blood pressure throughout 


procedures such as clipping of cerebral ee S 
aneurysms. ! o 


Blood pressure tracing demonstrating the rapid response of systemic 

lood pressure to changes in inspired isoflurane concentration. 
The arrows indicate the changes in isoflurane concentration and 
the dots mark 1-min intervals. Mean blood peue during the 
normotensive panog was 70 mm Hg and 40 mm Hg during the 
hypotensive phase.! 


0.25% 0.5% 
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r 200 min Hy 
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Control of intracranial pressure for craniotomy 

and excision of space-occupying lesion 

Isoflurane causes no increase in intracranial pressure (ICP) when 


PaCoO, is controlled at 25-30 torr, and ICP may be readily lowered 
during surgery by decreasing PaCO oe 








Control of hypertension during Treatment of hypertension with either isoflurane or halothane 


anesthesia in patients undergoing coronary artery bypass surgery 


coronary artery bypass surgery preps ora cee ATAN) 





: : Mean arterial pressure Systemic vascular resistance 
Control of intraoperative hypertension may sag fT og SOME 
. ` > ` 4 = r akuttan enne aers sosstsesht, E EES ~ ee e poreamme 1 ee taal ee 
be achieved with isoflurane by lowering ! | | l 
peripheral vascular resistance (left ventric- a i 7 | 5 
ular afterload) generally without depress- aa eal As 
ing stroke volume or increasing heart rate. 100 = TE a 
These effects can be of particular benefit in TE vl 
patients with compromised left ventricular pare 2 wd | 
function. Halothane is equally effective in S i |d + 
lowering blood pressure without increasing i | 
heart rate, but it decreases stroke volume. i eer ee Sei eset oe 
canal hypertension treatment control OARA eset 
p= NS NS NS p= NS NS 0.05 
QE seed ces anes Pretreatment (fentanyl, furutrazepam. pancuromumn) 
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Potentiation of relaxants for orthopedic surgery 

With isoflurane anesthesia, profound surgical muscle relaxation 
can be provided with one-third to two-thirds the usual relaxant 
dose (pancuronium, d-tubocurarine or atracurium).*° Thus the 
recovery period may be shortened and the need for reversal 
agents reduced by the rapid elimination of isoflurane. 





Stability of heart rhythm when full hemostatic 
doses of epinephrine are needed 


“Isoflurane, like enflurane, produces stable cardiac rhythm and, 
unlike halothane, does not sensitize the myocardium to the 
effects of catecholamines.'’® 





A rapid recovery with few post-anesthetic symptoms 


for outpatient surgery 

“Isoflurane is eliminated more rapidly 

than any other potent modern inhaled Post-laparoscopy Nausea (N) and Vomiting (V) 

anesthetic.’’” (Blood-gas partition coef- 

ficient, only 1.4) Group No. of Patients No. of Patients 
. a . l with N or N&V 

Anesthesia using isoflurane in a mixture ntan NOO: 37 23 (62%)* 

of oxygen and air produced a significantly ee 

lower incidence of nausea and vomiting fentanyl, O, 20 6 (30%) 


following outpatient laparoscopy than 
anesthesia that included nitrous oxide.® 


isoflurane, O, 20 5 (25%) 





Adapted from Alexander et al® *p<0.05 
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Forane ...a product of original Anaquest research 


(isoflurane) 





CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION: FORANE (isoflurane) is a nonflammabie general inhalation anesthetic agent 
it is i-chloro-2,2,2-trifluoroethyi difluoromethyl ether, and its structural formula is: 
F H F 
ff 
F—C—C--0-—-C—H 
SE 
F F 


Ci 
Some physical constants are: 
Molecular weight 184.5 
Boiling point at 760 mm Hg 485 °C funcorr.} 
Refractive index n20 1 2990-1 3005 


Specific gravity 26 °/25 °C 1 496 
Vapor pressure in mm Hg** 20 °C 238 
28 °C 295 
30 PC 367 
35 °C 450 


**Equation for vapor pressure calculation: 
10d 19P yap = A+ = where: A = 8056 
T B = -1664.58 
T = °C + 273.16 (Kelvin) 
Partition coefficients at 27 °C 


Water/gas 0.61 
Bloodigas 1.43 
Oilgas 90.8 
Partition coefficients at 25 °C - rubber and plastic 
Conductive rubber/gas 628 
Buty! rubberigas 75.8 
Polyvinyl chioride/gas 116.0 
Polyethylene/gas ~20 
Polyurethane/gas wig 
Polyolefin/gas whl 
Butyl acetate/gas ™ 2.5 
Punty by gas chromatography 299.9% 
Lower limit of flammability in oxygen or 
nitrous oxide at 9 joules/sec. and 23 °C None 


Lower limit of flammability in oxygen or Greater than useful con. 

nitrous oxide at 900 joules/sec: and 23 °C centration in anesthesia. 
Isoflurane is a clear, colorless, stable liquid containing no additives or chemical stabilizers. 
Isoflurane has a mildly pungent, musty, ethereal odor. Samples stored in indirect sunlight in clear. 
colorless glass for five years, as well as samples directly exposed for 30 hours to a 2 amp, 115 
volt, 60 cycle long wave UV. light were unchanged in composition as determined by gas 
chromatography. Isoflurane in one normal sodium methoxide-methano! solution, a strong base, 
for over six months consumed essentially no alkali, indicative of strong base stability. Isoflurane 
does not decompose in the presence of soda lime, and does not attack aluminum, tin, brass, iron 
or copper. 
CLINICAL PHARMACOLOGY: FORANE (isoflurane) is an inhalation anesthetic. The MAC 
(minimum alveolar concentration) in man is as follows: 





Age 100% Oxygen 70% N30 
26 + 4 1.28 0.56 
4447 1.18 0.56 
64 + 5 1.08 6.37 


Induction of and recovery from isoflurane anesthesia are rapid. Isoflurane has a mild pungency 
which limits the rate of induction, although excessive salivation or tracheobronchial secretions 
do not appear to be stimulated. Pharyngeal and laryngeal reflexes are readily obtunded. The level 
of anesthesia may be changed rapidly with isoflurane. Isoflurane is a profound respiratory depres- 
sant. RESPIRATION MUST BE MONITORED CLOSELY AND SUPPORTED WHEN NECESSARY. 
As anesthetic dose is increased, tidal volume decreases and respiratory rate is unchanged. This 
depression is partially reversed by surgical stimulation, even at deeper levels of anesthesia. 
isoflurane evokes a sigh response reminiscent of that seen with diethyl ether and enflurane, 
although the frequency is less than with enflurane. 

Blood pressure decreases with induction of anesthesia but returns toward normal with surgical 
stimulation. Progressive increases in depth of anesthesia produce corresponding decreases in 
blood pressure. Nitrous oxide diminishes the inspiratory concentration of isoflurane required to 
reach a desired level of anesthesia and may reduce the arterial hypotension seen with isoflurane 
alone, Heart rhythm is remarkably stable. With controlled ventilation and norma! PaCOg, cardiac 
output is maintained despite increasing depth of anesthesia primarily through an increase in 
heart rate which compensates for a reduction in stroke volume. The hypercapnia which attends 
spontaneous ventilation during isoflurane anesthesia further increases heart rate and raises 
cardiac output above awake levels. Isoflurane does not sensitize the myocardium to exogenously 
administered epinephrine in the dog. Limited data indicate that subcutaneous injection of 025 
mg of epinephrine (50 mL of 1:200,000 solution) does not produce an increase in ventricular 
arrhythmias in patients anesthetized with isoflurane. 

Muscle relaxation is often adequate for intra-abdominal operations at normal levels of anesthesia 
Complete muscle paralysis can be attained with small doses of muscle Telaxants. ALL COMMONLY 
USED MUSCLE RELAXANTS ARE MARKEDLY POTENTIATED WITH ISOFLURANE, THE EFFECT 
BEING MOST PROFOUND WITH THE NONDEPOLARIZING TYPE. Neostigmine reverses the 
effect of nondepoiarizing muscle relaxants in the presence of isoflurane. AU commonly used muscie 
relaxants are compatible with isoflurane. 

Pharmacokinetics: Isoflurane undergoes minimal bictransformation in man. In the postanesthesia 
period, only 0.17% of the isoflurane taken up can be recovered as urinary metabolites. 


INDICATIONS AND USAGE: FORANE (isoflurane) may be used for induction and maintenance 
of general anesthesia. Adequate data have not been developed to establish its application in 
obstetrical anesthesia. 

CONTRAINDICATIONS: Known sensitivity to FORANE (sofiurang} or to other halogenated agenta 
Known or suspected genetic susceptibility to malignant hyperthermia 

WARNINGS: Since levels of anesthesia may be altered easily and ramdly. only vaporizers 
producing predictable concentrations should be used. Hypotension and respiratory depression 
increase as anesthesia is deepened. 
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Increased bload loss comparable to that seen with halothane has been observed in patients 
undergoing abortions. 

FORANE (isoflurane) markedly increases cerebral blood flow at deeper levels af anesthesia. There 
may be a transient rise in cerebral spinal fluid pressure which is fully reversible with 
hyperventilation. 


PRECAUTIONS: General: As with any potent general anesthetic, FORANE (isoflurane) should 
only be administered in an adequately equipped anesthetizing environment by those who are 
familiar with the pharmacology of the drug and qualified by training and experience to manage 
the anesthetized patient. 

Information to Patients: Isoflurane, as well as other general anesthetics, may cause a slight 
decrease in intelectual function for 2 or 3 days following anesthesie, As with other anesthetics, 
small changes in moods and symptoms May persist for up to 6 days after administration. 
Laboratory Tests: Transient increases in BSP retention, blood glucose and serum creatinine with 
decrease in BUN, serum cholesterol and alkaline phosphatase have been observed. 

Drug Interactions: Isoflurane potentiates the muscle relaxant effect of all muscle relaxants, most 
notably nondepolarizing muscle relaxants, and MAC iminimum alveolar concentration) is reduc- 
ed by concomitant administration of N,O. See CLINICAL PHARMACOLOGY. 

Carcinogenesis: Swiss ICR mice were given isoflurane to determine whether such exposure might 
induce neoplasia. Isoflurane was given at 1/2, 1/8 and 1/32 MAC for four in-utero exposures and 
for 24 exposures to the pups during the first nine weeks of life. The mice were killed at 15 months 
of age. The incidence of tumors in these mice was the Same as in untreated control mice which 
were given the same background gases, but not the anesthetic 

Pregnancy Category C; isoflurane has been shown to have a possible anesthetic-related fetotox- 
ic effect in mice when given in doses 6 times the human dose. There are no adequate and well- 
controled studies in pregnant women. Isoflurane should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: it is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, cautzon should be exercised when isoflurane is administered 
to a numing woman. 

Malignant Hyperthermia: in susceptible individuals, isoflurane anesthesia may trigger a skeletal 
muscle hypermetabolic state leading to high oxygen demand and the clinical syndrome known 
as malignant hyperthermia. The syndrome includes nonspecific features such as muscle rigidi- 
ty. tachycardia, tachypnea, cyanosis, arrhythmias, and unstable blood pressure. (It should also 
be noted that many of these nonspecific signs may appear with ight anesthesia, acute hypoxia, 
etc.) An increase in overall metabolism may be reflected in an elevated temperature (which may 
rise rapidly early or late in the case, but usually is not the first sign of augmented metabolism} 
and an increased usage of the CO, absorption system (hot canister), PaO, and pH may decrease, 
and hyperkalemia and a base deficit may appear. Treatment includes discontinuance of trigger- 
ing agents {eg.. isoflurane), administration of intravenous dantrolene sodium, and application 
of supportive therapy. Such therapy includes vigorous efforts to restore body temperature to 
normaj, respiratory and circulatory support as indicated, and management of electrolyte-fluid- 
acid-base derangements. (Consult prescribing information for dantrolene sodium intravenous for 
additional information on patient management.} Renal failure may appear later, and urine flow 
should be sustained if possible. 

ADVERSE REACTIONS: Adverse reactions encountered in the administration of FORANE 
{isoflurane} are in general dose dependent extensions of pharmacophysiologic effects and include 
respiratory depression, hypotension and arrhythmias. 

Shivering, nausea, vomiting and ileus have been observed in the postoperative period. 

As with all other general anesthetics, transient elevations in white blood count have been observed 
even in the absence of surgical stress. 

See PRECAUTIONS for information regarding malignant hyperthermia. 


OVERDOSAGE: ir the event of overdosage, or what may appear to be overdosage, the following 
action should be taken: 

Stop drug administration, establish a clear airway and initiate assisted or controlled ventilation 
with pure oxygen. 


DOSAGE AND ADMINISTRATION: Premedication: Premedication should be selected according 
to the need of the individual patient. taking into account that secretions are weakly stimulated 
by FORANE (isoflurane) and the heart rate tends to be increased. The use of anticholinergic drugs 
iS a matter of choice. 
inspired Concentration: The concentration of isoflurane being delivered from a vaporizer 
during anesthesia should be known. This may be accomplshed by using: 
a) vaporizers calibrated specifically for isoflurane; 
b} vaporizers from which delivered flows can be calculated, such as vaporizers delivering 
a saturated vapor which is then diluted. The delivered concentration from such a 
vaporizer may be calculated using the formula: 


% isoflurane = 100 Pu Py 
Fy {P Aa Py) 
where Pa = Pressure of atmosphere 
Py = Vapor pressure of isoflurane 
Fy = Flow of gas through vaporizer (mL/min} 
Fy = Total gas flow (mL/min) 


Isoflurane contains no stabilizer. Nothing in the agent alters calibration or operation of these 
Vaporizers. 

induction: Induction with isoflurane in oxygen or in combination with oxygen-nitrous 
oxide mixtures may produce coughing. breath hokling, or laryngespasm. These difficulties may 
be avoided by the use of a hypnotic dose of an ultra-short-acting barbiturate. Inspired 
concentrations of 1.5 to 3.0% isoflurane usually produce surgical anesthesia in 7 to 10 minutes. 
Maintenance: Surgical levels of anesthesia may be sustained with a 1.0 to 2.5% concentration 
when nitrous oxide is used concomitantly. An additional 65 to 10% may be required when 
isoflurane is given using oxygen alone. If added relaxation is required, supplemental doses of 
muscle relaxants may be used. 

The level of blood pressure during maintenance is an inverse function of isoflurane concentra- 
tion in the absence of other complicating problems. Excessive decreases may be due to depth 
of anesthesia and in such instances may be corrected by lightening anesthesia. 


HOW SUPPLIED: FORANE (isoflurane), NDC 10019-360-40, is packaged in 100 mL amber-calored 
bottles. 

Storage: Store at room temperature. Isoflurane contains no additives and has been demonstrated 
to be stable at room temperature for periods in excess of five years. 
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George A. Albright, Stanford University School of Medicine; James E. Ferguson II, Stanford University 
School of Medicine; Thomas H. Joyce HI, Baylor College of Medicine; and David K. Stevenson, 


Stanford University Schcol of Medicine 


This book presents a comprehensive, up-to-date, and readable 
source of information on the essential aspects of obstetric 
anesthesia care to help the anesthesiologist administer care with 
confidence and skill in the modern delivery suite. It is designed to 
provide an understanding of the physiology of pregnancy and 
labor, the pharmacology of analgesic and anesthetic drugs, and 
their interaction with the pathophysiology of maternal and 


Geriatric Anesthesia 


feral/neonatal complications. It will be sure to prove an 
authoritative and comprehensive resource. 


Major Sections: Physiology and Pharmacology * Analgesia and 
Anesthesia for Labor and Delivery © Major Regional Anesthesia ® 
Maternal Complications © The Fetus and the Neonate ® Index 


0-409-90028-1 $69.95 


1986 622 pp. 


C.R. Stephen, Washington University School of Medicine and St. Luke’s Hospital, St. Louis; and Richard 
A.E. Assaf, St. Vincent’s Hospital, Dublin, Ireland, Editors 


This book presents the physiological and pathophysiological 
background necessary for understanding why elderly patients react 
in certain ways to the anesthesia process. [t also reviews practical 
considerations which must be weighed in charting the anesthesia 
course. 

Internationally renowned experts explain the principles upon 
which sound anesthetic principles can be based in elderly patients. 


Normal! aging and age-related diseases are reviewed, and this back- 
ground is used to discuss practical matters such as drug disposition, 
pharmacokinetics, and drug interactions in the elderly. Topics such 
as cardiovascular risk factors, regional anesthesia in the elderly, 

and special requirements for monitoring and fluid therapy are also 


presented, 


Feb. 1986 384 pp. 0-409-90010-9 $44.93 


Fluid & Electrolyte Management in Critical Care 


Jeffrey Askanazi, Paul M. Starker, and Charles Weissman, all of Columbia University College of 


Physicians and Surgeons, New York 


Among the most difficult problems in caring for the critically ill 
patient is maintaining correct fluid and electrolyte balance. Proper 
management requires full understanding of the physiology of fluid 
and electrolyte metabolism and the ways it affects the various or- 
gan systems so that informed decisions can be made. 

This new book will guide anesthesiologists on the intricacies of 
maintaining homeastasis in seriously ill patients. The authors pre- 
sent a concise, readable overview of the causes of fluid and electro- 


Extracorporeal Shock-Wave 
Lithotripsy for Renal Stone Disease 


Joachim S. Gravenstein, University of Florida 
College of Medicine, Gainesville; and Klaus Peter, 
University of Munich, Editors 


The concept of generating energy outside the body and focusing 
it on a point inside the body to destroy kidney stones without the 
need for surgical incision has opened a new era of medicine. This 
new book presents the theoretical and clinical aspects of ESWL, by 
experienced specialists in all disciplines involved with the tech- 
nique. Authors include those who formulated the principles and 
developed the technique and the equipment, and those who 
brought it into clinical use. 

The experiences of these specialists provide a truly comprehen- 
sive overview which will serve as both an introduction to the 
theory underlying ESWL and a complete account of its clinical use 
and associated problems. 


June 1986 144 pp. 0-409-90019-2 


$19.95 Pre-pub. price 


lyte disturbances in acutely ill patients with pragmatic guidance on 
how to manage these disorders. 

Major Sections: Normal Physiology Ħ® Principles of Diagnosis and 
Treatment ® Fluid and Electrolyte Management of Disorders and In- 
juries ® Index 


April 1986 400 pp. 0-409-95084-0 $34.95 


Now in Paperback! - - - 


General Anaesthesia, 4th edition 
T. Cecil Gray, J.F. Nunn, and J.E. Utting, Editors 


Heralded worldwide as the most definitive work of its kind, 
GENERAL ANAESTHESIA, 4th edition (reprinted with amend- 
ments 1985), places essential data within easy reach of the anes- 
rhesiologist. This new paperback edition makes this valuable refer- 
ence more affordable than ever. 


1979 

Vol. I 848 pp. (pa) 0-407-00691-5 $29.95 
Vol. 2 808 pp. (pa) 0-407-00692-3 $29.95 
Set 0-407-00690-7 $54.95 












are compatible with almost every patient monitoring system in use. Quality, sensitivi 





at economical cost — there’s a clear choice for almost every medical application. 






| SHERIDAN/FO-LY-CATH™ , with 

|) fe YSI Series 700 Thermistor Probe, now 
lets you accurately and continuously 
monitor patient temperature during 
extended surgery, recovery or as long as 
the Foley is required. 


| For detailed information 
and immediate response, write or call 
© SHERIDAN CATHETER CORP, 
Marketing Department 
Route 40, Argyle, New York 12809. 


(518) 638-6101 Telex: 926242 
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SHERIDAN SONATEMP™ | the 
esophageal stethoscope with YSI Series 
400 or 700 Thermistor Probe. Consistent 
and reliable monitoring of heart and 
ventilatory sounds and core temperatures. 


SHERIDAN SONATEMP/LTU™ , with 
YSI Series 400 or 700 Thermistor Probe. 
The limited re-use YSI Thermistor with 
disposable esophageal stethoscopes, 
available in kit form. A significant innova- 
tion bringing temperature monitoring with 
stethoscopic capabilities into routine 
patient use. 


SHERIDAN SHER-I-TEMP/LTU™ | 
for precise pediatric nasopharyngeal/ 
rectal temperature monitoring, 
with limited re-use YSI Series 
400 Thermistor Probe and 
disposable sheaths, 
in kit form. 
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Bringing together the traditions of high quality and precision from both Sheridan Catheter Corp. and 
the Yellow Springs Instrument Co. “State-of-the-art” monitoring probes in both disposable and unique 
limited re-use kits. With carefully designed-in patient and user benefits, Sheridan and YSI products 
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From the established innovator in design and manufacturing, Sheridan Catheter Corp. offers the — 
widest selection with uncompromising quality and unique features for patient and user convenience. 
From Pediatric to Adult needs, with specialty kits and accessories, Sheridan has tracheal tubes 


to meet almost any medical application. 





SHERIDAN /FLEXIBEND™ , the newest innovation 
in tracheal tubes. Designed for both Oral and Nasal use, 


it can be cut to desired length with limitless positioning either P 
down over the lip or up over the nose. Available in most popular sizes, 


Adult Cuffed and Pediatric Uncuffed. 



















SHERIDAN/HVT™ , the tracheal tube that set a 
new industry standard. High Volume Tapered, low 


pressure cuff and X-Ray line from tip to connector. 
` Pre-cut marks and smooth, well-shaped Murphy eye. 
~ Oral or Nasal use, available in most popular sizes. 
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Wherever 
you need 
control... 





J INJECTION 
* labetalol HCI/GÍaXO0. 20 mi 5 mgm 


Blood pressure control 
when you want it. . .fast 


fD Acts in one minute; 
full effect in five to ten minutes 


TRANDATE Injection reduces blood pressure and 
peripheral resistance smoothly and predictably. 
Each IV dose achieves its full effect in five to ten 
minutes. After control is attained, blood pressure 
may be controlled for up to 12 to 16 hours. 


O Maintains heart rate and cardiac output 


TRANDATE Injection has no significant effect on 
myocardial function * 


C Well tolerated 


The most common adverse reactions include 
postural hypotension,' dizziness,’ paresthesias, 
increased sweating and nausea. See ADVERSE 
REACTIONS section of Prescribing Information 
before administering. 


O An original product of Glaxo research 


*TRANDATE Injection is contraindicated in bronchial asthma, overt 
cardiac failure, greater-than-first-degree heart block, 
cardiogenic shock and severe bradycardia. 


+The episodes of postural hypotension and dizziness occurred 
primarily in one study in which patients were placed in an upright 
position within three hours of dosing for evaluation. 


Patients should be kept in the supine position during IV drug 
administration. See DOSAGE AND ADMINISTRATION section of 
Prescribing Information before initiating therapy. 


EDN 


See next page for a Brief Summary 
of Prescribing Information. 


© 1986, Glaxo Inc TRN200 March 1986 
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TRANDATE 


labetalol HCI/GIaXO 2m 5 maim 
RAPID, PREDICTABLE BLOOD PRESSURE CONTROL 





TRANDATE= BRIEF SUMMARY 
(labetalol hydrochloride) OF PRODUCT INFORMATION 
Injection 


INDICATIONS AND USAGE: TRANDATE® (labetalol HCI) Injection is indicated for control of blood 
pressure in severe hypertension. 

CONTRAINDICATIONS: TRANDATE® Injection is contraindicated in bronchial asthma. overt car- 
diac failure, greater than first degree heart block, cardiogenic shock, and severe bradycardia 
(see WARNINGS). 

WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital component supporting circula- 
tory function in congestive heart failure. Beta blockade carries a potential hazard of further 
depressing myocardial contractility and precipitating more severe failure, Although beta- 
blockers should be avoided in overt congestive heart failure, it necessary, labetalol HC! can be 
used with caution in patients with a history of heart failure who are well-compensated. Conges- 
tive heart failure has been observed in patients receiving labetalo! HCI. Labetaloi HCI does not 
abolish the inotropic action of digitalis on heart muscle. 

in Patients Without a History of Cardiac Failure: in patients with latent cardiac insufficiency, con- 
tinued depression of the myocardium with beta-blocking agents over a period of time can in 
some Cases fead to cardiac failure. At the first sign or symptom of impending cardiac failure, 
patients should be fully digitalized and/or be given a diuretic, and the response observed 
Closely. If cardiac failure continues, despite adequate digitalization and diuretic, TRANDATE® 
therapy should be withdrawn (gradually, if possible). 

ischemic Heart Disease: Angina pectoris has not been reported upon labetalol HC! discontinua- 
tion. However, following abrupt cessation of therapy with some beta-blocking agents in patients 
with coronary artery disease, exacerbations of angina pectoris and, in some cases, myocardial 
infarction have been reported. Therefore, such patients should be cautioned against interrup- 
tion of therapy without the physician's advice. Even in the absence of overt angina pectoris. 
when discontinuation of TRANDATE is planned, the patient should be carefully observed and 
should be advised to limit physical activity. if angina markedly worsens or acute coronary insuf- 
ficiency develops, TRANDATE administration should be reinstituted promptly, at least tempo- 
rarily, and other measures appropriate for the management of unstable angina should be taken, 
Nonallergic Bronchospasm (eg, chronic bronchitis and emphysema): Since TRANDATE injection 
at the usual intravenous therapeutic doses has not been studied in patients with nonallergic 
bronchospastic disease, it should not be used in such patients. 

Pheochromocytoma: intravenous labetalol HC! has been shown to be effective in lowering the 
blood pressure and relieving symptoms in patients with pheochromocytoma; higher than usual 
dases may be required. However, paradoxical hypertensive responses have been reported in a 
few patients with this tumor; therefore, use caution when administering labetalol HCI to 
patients with pheochromocytoma. 

Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of 
premonitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially 
important with labile diabetics, Beta-blockade also reduces the release of insulin in response 
to hyperglycemia; it may therefore be necessary to adjust the dose of antidiabetic drugs. 
Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy prior to major 
surgery is controversial, Protracted severe hypotension and difficulty in restarting or maintain- 
ing a heartbeat have been reported with beta-blockers. The effect of labetalo! HC!'s aipha- 
adrenergic activity has not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see Drug 
interactions under PRECAUTIONS). 

Rapid Decreases of Blood Pressure: Caution must be observed when red ucing severely elevated 
blood pressure. Although such findings have not been reported with intravenous labetalol HCI, 
a number of adverse reactions, including cerebral infarction, optic nerve infarction, angina and 
ischemic changes in the electrocardiogram, have been reported with other agents when severe- 
ly elevated blood pressure was reduced over time courses of several hours to as long as l or 2 
days. The desired blood pressure lowering should therefore be achieved over as long a period of 
time as is compatible with the patient's status. 

PRECAUTIONS: General: Impaired hepatic function may diminish metabolism of TRANDATE® 
Injection. 

Hypotension: Symptomatic postural hypotension (incidence 58%) is likely to occur if 
patients are tilted or allowed to assume the upright position within 3 hours of receiving 
TRANDATE injection. Therefore, the patient’s ability to tolerate an upright position should be 
established before permitting any ambulation. 

Jaundice or Hepatic Dystunction: On rare occasions, oral labetalol! HCI has been associated 
with jaundice (both hepatic and cholestatic). It is therefore recommended that treatment with 
labetalal HCI be stopped immediately should a patient develap jaundice or laboratory evidence 
of liver injury. Both have been shown to be reversible on stopping therapy. 
information for Patients: The following information is intended to aid in the safe and effective 
use of this medication. It is not a disclosure of all possible adverse or intended effects. During 
and immediately following (for up to 3 hours) TRANDATE injection, the patient shouid remain 
supine. Subsequently, the patient should be advised on how to proceed gradually to became 
ambulatory, and should be observed at the time of first ambulation. 

When the patient is started on TRANDATE Tablets, folowing adequate control of blood 
pressure with TRANDATE injection, appropriate directions for titration of dosage should be 
provided (see DOSAGE AND ADMINISTRATION). 

As with all drugs with beta-blocking activity, certain advice to patients being treated with 
labetalol HCI is warranted: While no incident of the abru pt withdrawal phenomenon (exacerba- 
tion of angina pectoris) has been reported with labetato! HCI, dosing with TRANDATE Tablets 
should not be interrupted or discontinued without a physician's advice. Patients being treated 
with TRANDATE Tablets should consult a physician at any sign of impending cardiac failure. 
Also, transient scalp tingling may occur, usually when treatment with TRANDATE Tablets is 
initiated (see ADVERSE REACTIONS). 

Laboratory Tests: Routine laboratory tests are ordinarily not required before or after intravenous 
labetalol HCI. in patients with concomitant ilinesses, such as impaired renal function, appro- 
priate tests should be done to monitor these conditions. 

Drug interactions: Since TRANDATE labetalol HCI) injection may be administered to patients 
already being treated with other medications, including other antihypertensive agents, careful 
monitoring of these patients is necessary to detect and treat promptly any undesired effect 
from concomitant administration. 

In one survey, 2.3% of patients taking labetalol HC! orally in combination with tricyclic 
antidepressants experienced tremor as compared to 0.7% reported to occur with labetalol HC! 
alone. The contribution of each of the treatments to this adverse reaction is unknown, but the 
possibility of a drug interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta- 
receptor agonist drugs in patients with bronchospasm: therefore, doses greater than the 
normal anti-asthmatic dose of beta-aganist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCI administered 
Orally. Since this could be explained either by enhanced absorption or by an alteration of 
hepatic metabolism of labetalol HCI, special care should be used in establishing the dose 
required for blood pressure control in such patients, 

Synergism has been shown between halothane anesthesia and intravenously administered 
labetalol HCI During controlled hypotensive anesthesia using labetalol HCI in association with 
halothane, high concentrations (3% or above) of halothane should not be used because the 
degree of hypotension will be increased and because of the possibility of a large reduction in 
cardiac output and an increase in central venous pressure, The anesthesiologist should be 
informed when a patient is receiving labetalol HCI. 

Labetaiol HC! blunts the reflex tachycardia produced by nitroglycerin without preventing 
its hypotensive effect. if labetalol HCI is used with nitroglycerin in patients with angina 
pectoris, additional antihypertensive effects may occur. 
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TRANDATE® (labetalol hydrochloride) Injection 


Drug/Laboratory Test interactions: The presence of a metabolite of labetalol HCI in the urine may 
result in falsely increased levels of urinary catecholamines when measured by a nonspecific 
trihydroxyindole (THI) reaction. in screening patients suspected of having a pheochromocy- 
toma and being treated with labetalol HCI, specific radioenzymatic or high performance liquid 
chromatography assay techniques should be used to determine levels of catecholamines or 
ther metabolites. 

Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term oral dosing studies with labeta- 
lol HCI for 18 months in mice and for 2 years in rats showed no evidence of carcinogenesis. 
Studies with labetalol KCI, using dominant lethal assays in rats and mice, and exposing micro- 
Organisms according to modified Ames tests, showed no evidence of mutagenesis. 

Pregnancy Category C: Teratogenic studies have been performed with labetaiol HCI in rats and 
rabbits at oral doses up to approximately 6 and 4 times the MRHD. respectively. No reproduc- 
ible evidence of fetal malformations was observed. increased fetal resorptions were seen in 
both species at doses approximating the MRHD. There are no adequate and well-controlled 
Studies in pregnant women. Labetalol should be used during pregnancy only if the potentia! 
benefit justifies the potential risk to the fetus. 

Nonteratogenic Effects: Infants of mothers who were treated with labetalol HCI for hypertension 
during pregnancy did not appear to be adversely affected by the drug. Oral administration of 
labetalol to rats during late gestation through weaning at doses of 2 to 4 times the MRHD 
Caused a decrease in neonatal survival, 

Labor and Delivery: Labetalo! HCI given to pregnant women with hypertension did not appear to 
affect the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are 
excreted in human milk. Caution should be exercised when TRANDATE Gabetaiol HCI) Injec- 
tion is administered to a nursing woman. 

Pediatric Use: Satety and effectiveness in children have not been established, 

ADVERSE REACTIONS: TRANDATE® Injection is usually well tolerated. Most adverse effects have 
been miid and transient and, in controlled trials involving 92 patients, did not require labetalo! 
HCI withdrawal. Symptomatic postural hypotension (incidence 58%) is likely to occur if 
patients are tilted or allowed to assume the upright position within 3 hours of receiving 
TRANDATE Injection. Moderate hypotension occurred in 1 of 100 patients while supine. 
increased sweating was noted in 4 of 100 patients, and flushing occurred in | of 100 patients. 

The following also were reported with TRANDATE imection with the incidence per 100 
patients as noted: 

Cardiovascular System: Ventricular arrhythmia in 1. 

Central and Peripheral Nervous Systems: Dizziness in 9: tingling of the scalp/skin in 7; 
hypoesthesia (numbness) and vertigo in l each. 

Gastrointestinal System: Nausea in 13; vomiting in 4; dyspepsia and taste distortion in I 
each. 

Metabolic Disorders: Transient increases in blood urea nitrogen and serum creatinine 
levels occurred in 8 of 100 patients; these were associated with drops in blood pressure, gener- 
ally in patients with prior renal insufficiency. 

Psychiatric Disorders: Somnolence’yawning in 3. 

Respiratory System: Wheezing in 1. 

Skin: Prurstus in 1. 

The incidence of adverse reactions depends upon the dose of labetalol HCI, The largest 
experience is with oral labetalol HC! (see TRANDATE Tablet Product Information for details). 
Certain of the side effects increased with increasing oral dose as shown in the table below 
which depicts the entire U.S. therapeutic trials data base for adverse reactions that are prob- 
ably or possibly dose-related, 
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Labetalol HCI 
Daily Dose (mg) 1200 1600 2400 
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umber of Patients 1 606 608 503 117 411 
Dizziness (%) 2 3 3 3 5 ] 9 13 16 
Fatigue 2 1 4 4 5 3 7 6 10 
Nausea «j 0 ł 2 4 9 7 li 19 
Vomiting Q Ò «il «I e] Q i 2 3 
Dyspepsia l 0 2 l l 0 2 2 4 
Paresthesias 2 O 2 2 ł ł 2 5 5 
Nasa! Stuffiness ] H 2 2 2 2 4 5 6 
Ejaculation Failure 0 2 l 2 3 0 4 3 5 
Impotence l i l l 2 4 3 4 3 
Edema l 0 j ł i 0 l 2 2 


The oculomucocutaneous syndrome associated with the beta-blocker practoioi has not 
been reported with labetalol HCI during investigational use and extensive foreign marketing 
experience. 

Clinical Laboratory Tests: Among patients dosed with TRANDATE Tablets, there have been 
reversible increases of serum transaminases in 4% of patients tested and, more rarely, revers- 
ible increases in blood urea. 

OVERDOSAGE: Overdosage with TRANDATE® injection causes excessive hypotension which is 
posture sensitive and, sometimes, excessive bradycardia. Patients should be iaid supine and 
their legs raised if necessary to improve the blood supply to the brain, The following additional 
measures should be employed if necessary: Excessive bradycardia.-administer atropine 
(3.0 mg). If there is no response to vagal blockade, administer isoproterenol! cautiously. Cardiac 
failure-.administer a digitalis glycoside and diuretic. Hypotension administer vasopres- 
sors, @g, Norepinephrine. There is pharmacological evidence that norepinephrine may be the 
drug of choice. Bronchospasm— administer a betaa-stimulating agent and/or a theophylline 
preparation, 

if overdosage with labetalo! HCI follows oral ingestion, gastric lavage or pharmacologically 
induced emesis (using syrup of ipecac) is useful for removal of the drug shortly after ingestion. 
Labetalol HCI can be removed from the general circulation by hemodialysis. 

The oral LDso value of labetalot HC] in the mouse is approximately 600 mg/kg and in the 

rat is greater than 2 g/kg. The intravenous LDso in these species is 50 to 60 maerkg. 
DOSAGE AND ADMINISTRATION: Initiation of Dosing with TRANDATE Tablets: Subsequent oral dos- 
ing with TRANDATE Tablets should begin when it has been established that the supine diastolic 
biood pressure has begun to rise. The recommended initia! dose is 200 mg, followed in 6-12 
hours by an additional dose of 200 mg or 400 mg, depending on the blood pressure response. 
Thereafter, inpatient titration with TRANDATE Tablets may proceed as follows: 





Inpatient Titration instructions 
Regimen Daily Dose” 
200 me bid 400 meg 
400 mg bid 800 meg 


806 mg bid 1600 mg 
1200 me bid 2400 meg 


“Hf needed, the total daily dose may be given in three divided doses. 


While in the hospital, the dosage of TRANDATE labetalol HCI) Tablets may be increased at 
one-day intervais to achieve the desired blood pressure reduction. 
HOW SUPPLIED: TRANDATE® injection, 5 me/mi, is supplied in 20 ml (100 mg) ampuis, box of 
1 (NDC 0173-0350-59). 
Store between 2° and 30°C (36° and 86°F). Do not freeze. 


Glaxo 


Manutactured for Glaxo Inc. 

Research Triangle Park, NC 27709 

by Schering Pharmaceutica! Corporation (PR) 
Manati, PR 0070} 


© 1984, Glaxo inc. All rights reserved. October 1984 
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This is probably the most exciting 
time to be working in neuroscience. 
At last it seems as though many of 
the secrets of the nervous system 
are yielding to research. The genes 
for the acetylcholine receptor, the 
sodium channel and the three 
opioid peptide precursors have all 
been cloned. The crucial role of 
molecular genetics within neuro- 
science is firmly established. 

The new technology has demon- 
strated the ability of a handful of 
gene products to orchestrate a 
complex sequence of behaviour in 
the marine mollusc Aplysia. Rapid 
progress is also being made in 
understanding how specific gene 
products contro! development in the 
insects nervous system, or regulate 
the switching of transmitter produc- 
tion in adult mammalian neurons. 
Undoubtably molecular genetics 
will have a major impact on Clinical 
neuroscience during the 1980s. 


A special subscription rate 30% 
below the personal subscription is 
available for all students (under- 
graduate, graduate, postgraduate) 
and neurology residents. The 1986 
student subscription rate is UK 


£21.00: USA and Canada US$37.00; 
Europe 98.00 Dutch Guilders; Rest of 
= World 107.00 Dutch Guilders. 
© Student subscriptions must be 
accomplished by valid proof of 
student status. 
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From genes to behaviour 
-the central connection 
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Gene research in neuroscience is 
not the only area where activities are 
occuring at an explosive rate. PET 
studies of human cognitive function, 
computer monitoring of whole body 
and limb movement and psycho- 
physical testing of perceptual activi- 
ties are all contributing to our know- 
ledge of higher brain functions in 
health and disease. 

Trends in NeuroSciences is the 
only review journal which covers all 
aspects of neuroscience. its unique 
style makes it accessible to re- 
searchers and students alike. Don't 
miss out on the excitement, sub- 
scribe to Trends in NeuroSciences 
today. 


Articles published in 1985 included: 

Acetylcholine receptor structure: a new twist in the story Charies F. Stevens 

The electroplax sodium channel revealed William Catterall 

MPTP and Parkinson's disease J. William Langston 

Are glial cells excitable after all? Joan Abbott 

Homeotic gene expression in Drosophila Michael, S. Levine and Cathy J. Wedeen 
How do growth cones grow? Carol Mason 


Neural and molecular mechanisms underlying information processing in Aplysia 
John H. Byrne 


Subscription details 

Personal edition 1986 (12 issues) UK £30.00; USA and Canada US$52.00: Europe 140.00 Dutcr 
Guilders: Rest of World 152.00 Dutch Guilders. 

Library edition 1986 (12 issues + annual compendium) UK, USA, Canada, Europe 465.00 Dutct 
Guilders/US$160.00: Rest of World 480.00-Dutch Guilders/US$1 66.00. 

Payment must accompany personal subscriptions and may be made by cheque, made out tc 
‘Elsevier’ or by credit card. We accept Am Ex, VISA and Access/Mastercard/Eurocard. Please suppi) 
card number, expiry date, issuing bank (if appropriate), the cardholder's name and address anc 
signature. 

Dutch Guilder price is definitive for Library Edition. 


Please send your subscriptions or request for a sample copy to one of the addresses below. 


Elsevier Publications (Cambridge) 
68 Hills Road 
Cambridge 


Maram 441 A 


Eisevier Science Publishers 
Biomedical Division 

PO Box 1527 

1000AC Amsterdam 


Eisevier Science Publishing Co Inc 
52 Vanderbilt Avenue 

New York 

NY 19017 
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Stadoi* (Butorphanot tartrate} 

Brief Summary of Prescribing information 

For complete information, consult Official Package Circular. 
{2}12/10/79 


INDICATIONS AND USAGE—Stado! is recommended for the relief of 
moderate to severe pain. Stadol can also be used for preoperative 
or preanesthetic medication, as a supplement to balanced 
anesthesia, and for the relief of prepartum pain. 
CONTRAINDICATIONS—Stadoi should not be administered to 
patients who have been shown to be hypersensitive to it. 
WARNINGS-- Patients Physically Dependent on Narcotics: Because 
of its antagonist properties, Stado! is not recommended for 
patients physically dependent on narcotics. Detoxification in such 
wee ts required prior to use. 

ue to the difficulty in assessing addiction in patients who have 
recently received substantial amounts of narcotic medication, 
caution should be used in the administration of Stadoi. 
Detoxification of such patients prior to usage should be carefully 
considered. 
Drug Dependence: Special care should be exercised in 
administering Stadoi to emotionally unstable patients and to 
those with a peed of drug misuse. When long-term therapy is 
contemplated, such patients should be closely supervised. even 
though Stadol has a low physical dependence liability, care should 
be taken that individuais who may be prone to drug abuse are 
closely supervised. It is important to avoid increases in dose and 
frequency of injections by the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of pain. 
Head injury and increased intracranial Pressure: Although there 
is no Clinical experience in patients with head injury, it can be 
assumed that Stadoi, like other potent analgesics, elevates 
cerebrospinal fluid pressure. Therefore the use of Stado! in cases 
of head injury can produce effects (¢.9., miosis} which may 
obscure the clinical course of patients with head injuries. In such 
patients Stadol must be used with extreme caution and oniy if its 
use is deemed essential. 
Cardiovascular Effects: Because Stado! increases the work of the 
heart, especially the pulmonary circuit, the use of this drug in 
acute myocardial infarction or in cardiac patients with ventricular 
dysfunction or coronary insufficiency should be limited to those 
who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS—Certain Respiratory Conditions: Because Stadoi 
Causes some respiratory depression, it should be administered 
only with caution and low dosage to patients with respiratory 
depression (e.g., from other medication, uremia, or severe 
infection), severely limited respiratory reserve, bronchial asthma, 
obstructive respiratory conditions, or cyanosis. 

red Renal or Hepatic Function: Although laboratory tests have 
not indicated that Stado! causes or increases renal or hepatic 
impairment. the drug should be administered with caution to 
patients with such impairment. Extensive liver disease may 
predispose to greater side effects and greater activity from the 
usual clinical dose, possibly the result of decreased metabolism 
of the drug by the liver. 
Biliary Surgery: Clinical studies have not been done to establish 
the safety of Stadol administration to patients about to undergo 
surgery of the biliary tract. 
Usage as a Preoperative or Preanesthetic Medication: Slight 
increases in systolic blood pressure may occur, therefore caution 
should be employed when Stado! is used in the hypertensive patient. 
in Balanced Anesthesia: The use of pancuronium in combination 

with Stado! may cause an increase in conjunctival changes. 
rig a in ; The safety of Stadol for use in pregnancy prior to 
the tabor period has not been established: therefore. this drug should 
be used in pregnant patients only when in the judgment of the 
paean its use is deemed essential to the welfare of the patient. 

eproduction studies have been performed in rats, mice and rabbits 
and have revealed no evidence of impaired fertility or harm to the 
fetus due to Stadol at about 2.5 to 5 times the human dose. 

Labor and Delivery: Safety to the mother and fetus following 
administration of Stadol during labor has been established. Patients 
receiving Stado! during labor have experienced no adverse effects 
other than those observed with commonly used analgesics. Stado! 
shouid be used with caution in women delivering premature infants. 
Usage in Nursing Mothers: The use of Stadol in lactating mothers who 
are nursing their infants is not recommended since it is not known 
whether this drug is excreted in human milk. Stadol has been used 
safely for labor pain in mothers who subsequently nursed their infants. 
Usage in Chitdren: Safety and efficacy in children below age 18 years 
have not been established. 

ADVERSE REACTIONS--The most frequent adverse reactions in 1250 
patients treated with Stadol are: sedation (503, 40%), nausea 
(82, 6%), clammy/sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), vertigo (33, 396), 
floating feeling (33, 3%), dizziness (23, 2%), lethargy (19, 2%), 
confusion (15, 1%), lightheadedness (12, 19%). 
Other adverse reactions which may occur (reported incidence of iess 
than 1%) are: 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic: flushing and warmth, dry mouth, sensitivity to coid 
Cardiovascular: palpitation, increase or decrease of blood pressure 

: vomiting 
Respiratory: siowing of respiration, shallow breathing 
Dermatological: rash or hives 


Eye: dipiopia or blurred vision 
OVERDOSAGE Manifestations: Although there have been no 
experiences of overdosage with Stadol during clinical trials, this may 


occur due to accidental or intentional misuse as well as therapeutic 
use. Based on the pharmacology of Stadol, overdosage could produce 
some degree of respiratory depression and variable cardiovascular 
and central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage 
is intravenous naloxone. 
The respiratory and cardiac status of the patient should be evatuated 
constantly and appropriate supportive measures instituted, such as 
oxygen, intravenous fluids, vasopressors and assisted or controlled 
respiration. 
HOW SUPPUED--Stadol (butorphanol tartrate) injection for 1.M. or L.V. 
use, is available as follows: 

NDC 0015-5644-20—2 mg per ml, 2-mi vial 

NOC 0015-5645-20-—-1 mg per mi, 1-mi vial 

NDC 0015-5646-20—2 mg per mi, 1-m! vial 

NDC 0015-5646-23-—-2 mg per mi, 1-mi Disposable Syringe 

NDC 0015-5648-20-—2 mg per mi, 10-mi muiti-dose vial 
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An Improvement 
upon Excellence... 


Principles 
of Neural 
Science 


second Edition 


Editors: 


Eric R. Kandel, M.D. 


The Howard Hughes Medical! 

Insitute, Center for Neurobiology and 
Behavior. College of Physicians and Sur 
geons, Columbia University 


James H. Schwartz, M.D., Ph.D. 
The Howard Hughes Medical 

Institute, Center for Neurobiology and 
Behavior, College of Physicians and Sur- 
geons, Columbia University 


The expanded, completely updated new 
edition of Principles of Neural Science 
iS available for adoption. Like its 
predecessor, this new edition applies the 
insights gained from current research in 
basic science to the study of the nervous 
system, its development, and its contro! 
of behavior. The second edition places an 
even stronger emphasis on cell and mo- 
lecuiar biology and includes a new and 
systematic treatment of neuroanatomy as 
it relates to neurobiology and behavior 
detailed enough to serve as a foundation 
for clinical neurology and psychiatry 


Principles of Neural Science, Second 
Edition, covers the extraordinary ad- 
vances that are revolutionizing neuro- 
science research. including recombinant 
DNA and monoclonal antibody tech- 
niques, patch clamping, new neuroan- 
atomical tracing methods. and new 
non-invasive methods of imaging. 


Praise for the First Edition (Winner of 
the 1982 Medical Writers Book Award): 


'., enthusiastically recommended? 
— fhe New England Journal of Medicine 


“an excellent book, fun to read yet infor- 
mative and accurate — a combination 
rare in scientific literature” 

— Nature. 


1985 1,032 pages cioth $47.50 in 
North America/£40 00 in the United King- 
dom/Dfi. 160.00 outside North America 
and the U.K. ISBN: 0-444-00944-2 


of information on examination copies for 
course use. contact na North America: Alan 
Moore, Marketing Manager. Elsevier Science 
Publishing Co , Ine.. 52 Vanderbilt Ave. N Y. 
NOY 10017; in the rest of the world: Sue Kettle. 
Promotions Manager Elsevier Science Pub- 
ushers BV. PO Box 1527. 1000 BM Amsterdam. 
The Netherlands. 
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Elsevier l 


for safety and 
predictability ina 
wide variety of 
surgical procedures. 
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VALUNUN 


(vecuronium bromide) injection 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS ACTIONS, CHARAC- 


TERISTICS. AND HAZARDS. 





DESCRIPTION: NORCURON® (vecuronium bromide injection) is a nondepolarizing neuromuscular blocking agent of intermediate 


duration, chemically designated as piperidinium. 1-[(2 8. 3a, 5a. 168. 178)-3.17-bis(acetyloxy}-2-(1-piperdinyliandrostan-16- 


yl]-1-methyl-, brormde. The structural formuta is: 


Norcuron’ is supplied as a sterile nonpyrogenic freeze-dried buffered cake of very fine microscopic crystalline particies for 
intravenous injection only. Following reconstitution with solvent {water far injection) the resultant solution is isotome and has a pH 
of 4. Each 5 mi vial contains 10 mg vecuronium bromide. Each vial also contains citric acid. dibasic sodium phosphate. sadium 
hydroxide, and/or phosphoric acid to buffer and adjust pH and mannitol to make isotonic. 


CLINICAL PHARMACOLOGY: Norcuron® (vecuronium bromide injection} is a nondepolarizing neuromusular blocking agent 
possessing all of the characteristic pharmacological actions of this class of drugs (curariform). Itacts by competing for cholinergic 
receptors at the motor end-plate. The antagonism to acetylcholine is inhibited and neuromuscular black is reversed by 
acetyicholinesterase inhibitors such as neostigmine, edrophonium, and pyridostigmine Norcuran’ is about 3 more potent than 
pancuronium, the duration of neuromuscular blockade produced by Norcuron’ ts shorter than that of pancurontum at initially 
equipotent doses The time to onset of paralysis decreases and the duration of maximum effect increases with increasing 
Norcuron’ doses. The use of a peripheral nerve stimulator is of benefit in assessing the degree of muscular relaxation. 


The EDan (dase required to produce 90% suppression of the muscle twitch response with balanced anesthesia) has averaged 
0.057 mg/kg (0.049 to 0.062 mg/kg in various studies). An initial Norcuron* dose of 0.08 to 0 10 mg/kg generally produces first 
depression of twitch in approximately 1 minute, good or excelient intubation conditions within 2.5103.0 minutes. and mammum 
Neuromuscular blockade within 3 to 5 minutes of injection in most patients. Under balanced anesthesia, the ume to recovery to 
25% of control (clinical duration} is approximately 25 to 40 minutes after injection and recovery is usually 95% compiete 
approximately 45-65 minutes after injection of intubating dose. The neuromuscular blocking action of Nercuron* is stightly 
enhanced in the presence of potent inhalation anesthetics H! Norcuron’ is first administered more than 5 minutes after the start of 
the inhalation of enflurane. isoflurane, or halothane. or when steady State has been achieved. the intubating dose of Norcuron’ may 
be decreased by approximately 15% (see DOSAGE AND ADMINISTRATION section). Prior administration of succmylcholine may 
enhance the neuromuscular blocking effect of Norcuran® and its duration of action. With succinylchotine as the intubating agent, 
initial doses of O 04-0.06 mg/kg of Norcuron* will produce complete neuromuscular block with clinical duration of action of 25-30 
minutes. If succinylcholine is used prior to Norcuron” . the administration of Norcuron* should be delayed unti the patient starts 
recovering from succinyicholine-induced neuromuscular blockade. The effect of prior use of other nondepolarizng neuromuscular 
blocking agents on the activity of Norcuran* has not been studied (see Drug Interactions) 


Repeated administration of maintenance doses of Norcuron® has little or no cumulative effect on the duration of neuromuscular 
blockade. Therefore, repeat doses can be administered at relatively regular intervals with predictable results. After an initial dase of 
0.08 to 0.10 mg/kg under balanced anesthesia. the first maintenance dose (suggested maintenance dose is 0.010 to 0.015 marks) 
is generally required within 25 to 40 minutes: subsequent maintenance doses. if required. may be administered at approximately 
12 to 15 minute intervais. Halothane anesthesia increases the clinical duration of the maintenance dose only slightly Under 
enflurane a maintenance dose of 0.010 mg/kg is approximately equal to 0.015 mg/kg dose under balanced anesthesia 


The recovery index (time trom 25% to 75% recovery) is approximately 15-25 minutes under balanced or halothane anesthesia 
When recovery from Norcuron’ neuromuscular blocking effect begins, it proceeds more rapidly than recovery from pancuronium. 
Once spontaneous recovery has started, the neuromuscular block produced by Norcuron* is readily reversed with various 
anticholinesterase agents. e.g. pyridostigmine, neostigmine, or edrophonium in conjunction with an anticholinergic agent such as 
atropine or glycapyrrolate. There have been no reports of recurarization following satisfactory reversal of Norcuron* induced 
neuromuscular blockade, rapid recovery is a finding consistent with its short elimination half-life. 


Pharmacokinetics: At clinical doses of 0.04-0.10 mg/kg. 60-80% of Norcuron’ is usually bound to plasma protein The 
distribution half-life following a single intravenous dose (range 0.025-0 280 mg/kg) is approximately 4 minutes. Elimination halt- 
life over this same dosage range is approximately 65-75 minutes in healthy surgical patients and in renal failure patents 
undergoing transplant surgery. in late pregnancy, elimination half-life may be shortened to approximately 35-40 minutes The 
volume of distribution at steady state is approximately 300-400 mi/kg: systemic rate of clearance is 
approximately 3-4.5 mi/minute/kg. in man, urine recovery of Norcuron' varies from 3-35% within 24 
hours. Data derived from patients requiring insertion of a T-tube in the common bile duct suggests that 
29-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 hours. Only 
unchanged Norcuron’ (vecuronium bromide injection} has been detected in human plasma following 
clinical use. One metabolite. 3-deacety! vecuronium, has been recovered in the urine of some patients 
in Quantities that account for up to 10% of injected dose: 3-deacety! vecuronium has also been 
recovered by T-tube in some patients accounting for up to 25% of the injected dose. 


This metabolite has been judged by animal screening (dogs and cats) to have 50% or more of the 
potency of Norcuron*. equipotent doses are of approximately the same duration as Norcuron’ in dogs 
and Cats. Biliary excretion accounts for about half the dose of Norcuron™ within 7 hours in the 
anesthetized rat. Circulatory bypass of the liver (cat preparation) prolongs recovery from Norcuron’. 
Limited data derived from patients with cirrhosis or cholestasis suggests that some measurements of 
recovery may be doubled in such patients. in patients with renal failure, measurements of recovery do 
not differ significantly from similar measurements in healthy patients. 


Studies involving routine hemodynamic monitoring in good risk surgical patients reveal that the 
administration of Norcuron® in doses up to three times that needed to produce clinical relaxation (0.15 
mg/kg} did not produce clinically significant changes in systolic, diastolic or mean arterial pressure. The heart rate. under similar 
monitoring, remained unchanged in some studies and was lowered by a mean of up to 8% in other studies A large dose of 0.28 mg/ 
kg administered during a period of no stimulation, while patients were being prepared for coronary artery bypass grafting, was not 
associated with alterations in rate-pressure- product or pulmonary Capillary wedge pressure. Systemic vascular resistance was 
lowered slightly and cardiac output was increased insignificantly (The drug has not been studied in patients with hemodynamic 
dysfunction secondary to cardiac valvular disease}. Limited clinical experience (3 patients) with use of Norcuron‘ during surgery 
for pheochromocytoma has shown that administration of this drug is not associated with changes in blood pressure or heartrate. 


Uniike other nondepolarizing skeletal muscle relaxants, Norcuron* has no clinically significant effects on hemodynamic parame- 
ters and will not counteract those hemodynamic changes or known side effects produced by or associated with anesthetic agents. 


Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 patents indicate that 
hypersensitivity reactions such as bronchospasm, flushing, redness. hypotension, tachycardia, and other reactions commonly 
associated with histamine release are unlikely to occur. 


INDICATIONS AND USAGE: Norcuran’ is indicated as an adjunct to general anesthesia, to facditate endotracheal intubation and to 
provide skeletal muscle relaxation during surgery or mechanical ventilation. 


CONTRAINDICATIONS: None known. 


WARNINGS: NORCURON* SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF 
EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS THAT MIGHT OGCUR 
FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRA. 
TION, OXYGEN THERAPY. AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST BE PREPARED TO 
ASSIST OR CONTROL RESPIRATION. in patients who are known to have myasthenia gravis or the myasthenic (Eaton-Lambert) 
syndrome, small doses of Norcuron” may have profound effects. in such patients. a peripheral nerve stimulator and use of a smali 
test dase may be of value in monitoring the response to administration of muscle relaxants. 


PRECAUTIONS: Renal Failure: Norcuron* is well-tolerated without clinically significant prolongation of neuromuscular blocking 
effect in patients with renal failure who have been optimally prepared for surgery by dialysis. Under emergency conditions in 
aneptinc patients some prolongation of neuromuscular blockade may occur, therefore, if anephric patients cannot be prepared for 


non-elective surgery, a lower initial dase of Norcuron* should be considered. 


Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease, old age. edematous states 
resulting in increased volume of distribution may contribute to a delay in onset time: therefore dosage should not be increased 


Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time in keeping with 
the role the liver plays in Norcuron* metabolism and excretion (see Pharmacokinetics). Data currently available do not permit 
dosage recommendations in patients with impaired liver function. 


JNDER THE ABOVE CONDITIONS, USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING OF NEUROMUSCU- 
-AR BLOCKING EFFECT WiLL PRECLUDE INADVERTE NT EXCESS DOSING. 


Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pase airway and/or 
renlatory problems requiring special care before, during and after the use of neuromuscular blog king agents Such as Norcuren’ 


Malignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capabie of triggering a potentially. fatal 
rypermetabolism of skeletal muscle known as malignant hyperthermia There are insulficient data derived trom screening in 
iusceptibie animals (swine) to establish whether or not Norcuron’ is capable of tnggering malignant hyperthermia 


dorcuron* has no known effect on consciousness, the pain threshold or cerebration. Administration must be accompanied by 
iGequate anesthesia. 


kug interactions: Prior administration of succinyicholine may enhance the neuromuscular blocking effect of Norcuron* 
vecuronium bromide injection) and its duration of action. Hf succinylcholine is used betore Norcuron*. the admumstration of 
forcuron” should be delayed until the succinyicholine effect shows signs of wearing off. With succinyicholine as the intubating 
gent initial doses of 0 04-006 mg/kg of Norcuron* may be administered to produce complete neuromuscular block with clinical 
‘uration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY). The use of Norcuron® before succinyicholine, in order to 
Tenuate some of the side effects of succinyicholine, has not been sufficiently studied. 
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SAE none ponang HEUTUN TES Cuid! OCRA agens (PanCUTOMUM O-TUBOCUPaPINE, MeWcurine. and galiamine) act in the sam 
fashion as does Norcuron”: therefore these drugs and Nercuron® may manifest an additive effect when used together There ar 
insufficient data to support concomitant use of Norcuron” and other competitive muscle relaxants in the same patient. 


inhalational Anesthetics: Use of volatile inhalational anesthetics such as enflurane, isoflurane., and halothane with Norcuron® wi 
enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and isoflurane With the above agents th 
initial dose of Norcuron" may de the same as with balanced anesthesia unless the inhalational anesthetic has been administered fc 
a sufficient time at a sufficient dose to have reached clinical equilibrium (see CLINICAL PHARMACOLOGY). 


Antibiotics: Parenterai/intraperitoneai administration ot high doses of certain antibiotics may intensify or produce neuromusculz 
block on their own. The following antibiotics have been associated with various degrees of paralysis: aminoglycosides (such a 
neomycin. streptomycin, kanamycin, gentamicin, and dihydrostreptomycin). tetracyclines; bacitracin; polymyxin B: colistin: an 
sodium colistimethate. H these or other newly introduced antibiotics are used in conjunction with Norcuron® during surgen 
unexpected prolongation of neuromuscular block should be considered a possibility. 


Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggests that recurrer 
paralysis may accur. This possibility must also be considered for Norcuron®. Norcuron® induced Neuromuscular blockade ha 
been counteracted by alkalosis and enhanced by acidosis in experimental animals (cat). Electrolyte imbalance and diseases whic 
lead to electrolyte imbalance. such as adrenal cortical insufficiency, have been shown to alter neuromuscular blockade. Dependin 
on the nature of the imbalance. either enhancement or inhibition May be expected. Magnesium salts. administered for th 
management of toxemia of pregnancy. may enhance the neuromuscular blockade. 


Drug/laboratory test interactions: None known. 


Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term studies in animals have not been performed te evaluat 
carcinogenic or mutagenic potential or impairment of fertility. 


Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron®. It is aiso not know! 
whether Norcuron* can cause fetal harm when administered to a pregnant woman or can affect reproduction capacity. Norcuron’ 
Should be given to a pregnant woman only if clearly needed. 


Pediatric Use: infants under 1 year of age but older than 7 weeks. also tested under halothane anesthesia. are moderately mort 
sensitive to Norcuron” on a mg/kg basis than adults and take about 11% times as jong to recover information presently availadl 
does not permit recommendations for usage in neonates. 


ADVERSE REACTIONS: Norcuren* was well-tolerated and produced no adverse reactions during extensive clinical trials. The mos 
frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension of the drugs pharmacologica 
action Deyond the time period needed for surgery and anesthesia. This may vary from skeletal muscle weakness to profound ant 
prolonged skeletal muscle paralysis resulting in respiratory insufficiency or apnea. 


inadequate reversal of the neuromuscular blockade. although not yet reported. is possible with Norcuron* as with ali curariforn 
drugs. These adverse reactions are managed by manual or mechanical ventilation unti recovery iS judged adequate Little or nc 
increase in intensity of blockade or duration of action of Norcuron® is noted trom the use of thiobarbiturates, narcotic analgesics. 
nitrous oxide, or droperidol. See OVERDOSAGE tor discussion of other drugs used in anesthetic practice which also cause 
respiratory depression. 


OVERDOSAGE: There has been no experience with Norcuron® overdosage. The possibility of iatrogenic overdosage can de 
minimized by carefully monitoring muscle twitch response to peripheral nerve stimulation. 


Excessive doses of Norcuron® can be expected to produce enhanced pharmacological effects. Residual neuromuscular blockade 
beyond the time period needed tor surgery and anesthesia may occur with Norcuron* as with other neuromuscular blockers. This 
may be manifested by skeletal muscle weakness, decreased respiratory reserve, low tidal volume. or apnea. A peripheral nerve 
Stimulator may be used to assess the degree of residual neuromuscular blockade and help to differentiate residual neuromuscular 
blockade from other causes of decreased respiratory reserve. 


Respiratory depression may be due either wholly or in part to other drugs used during the conduct of general anesthesia such as 
narcotics. throbarbiturates and other central nervous system depressants. Under such circumstances the primary treatment is 
maintenance of a patent airway and manual or mechanical ventilation until complete recovery of normal respiration is assured. 
Regonol’ (pyridostigmine bromide injection). neostigmine, or edrophonium, in conjunction with atropine or glycopyrrolate wiif 
usually antagonize the skeletai muscle relaxant action of Norcuron®. Satisfactory reversal can be judged by adequacy of skeletal 
muscle tone and by adequacy of respiration. A peripheral nerve stimulator may also be used to monitor 
restoration of twitch height. Failure of prompt reversal (within 30 minutes) may occur in the presence of 
extreme debilitation. carcinomatosis, and with concomitant use of certain broad spectrum antibiotics. 
Of anesthetic agents and othe: drugs which enhance neuromuscular blockade or cause respiratory 
depression of their own. Under such circumstances the Management is the same as that of prolonged 
neuromuscular Blockade. Ventilation must be supported by artificial means unti! the patient has 
resumed control of his respiration. Prior to the use of reversal agents, reference should be made to the 
specific package insert of the reversal agent. 


DOSAGE AND ADMINISTRATION: Norcuron” ivecuronium bromide injection} is for intravenous use 
ony. This drug should be administered by or under the supervision of experienced clinicians familiar 
with the use of neuromuscular blocking agents. Dosage must be individualized in each case. The dosage 
information which follows is derived from studies based upon units of drug per unit of body weight and is 
intended to serve as a guide only, especially regarding enhancement of neuromuscular blockade of 
Norcuron* by volatile anesthetics and by prior use of succinyicholine (see PRECAUTIONS/Drug interac- 
tions; Parenteral drug products should be inspected visually for particulate matter and discoloration 
pric to administration, whenever solution and container permit, 


. To obtain maximum clinical benefits of Norcuron* and to minimize the possibility of overdosage. the 
monitoring of muscle twitch response to peripheral nerve stimulation is advised. 


The recommended initial dose of Norcuron* is 0.08 to 0 10 mg/kg (1 4 to 1.75 times the ED ge} given as an intravenous bolus 
injection. This dose can be expected to produce good of excellent non-emergency intubation conditions in 2.5 ta 3.0 minutes after 
inyection. Under balanced anesthesia. clinically required neuromuscular blockade lasts approximately 25-30 minutes, with 
recovery to 25% of control achieved approximately 25 to 40 minutes after injection and recovery to 95% of contra! achieved 
approximately 45-65 minutes after injection. in the presence of potent inhalation anesthetics. the neuromuscular blocking effect 
of Norcuron" is enhanced. If Norcuron’ is first administered more than 5 minutes after the Start of inhalation agent or when steady 
State has been achieved. the initial Norcuron’ dose may be reduced by approximately 15%. i.e.. 0.060 to 0.085 mg/kg. 


Prior administration of succinyicholine may enhance the neuromuscular blocking effect and duration of action of Norcuron*. {f 
intubation is performed using suceinyicholine. a reduction of initial dose of Norcuron* to 0.04-0.06 mg/kg with inhalation 
anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required. 


During prolonged surgical procedures, maintenance doses of 0.010 to 0.015 mg/kg of Norcuron” are recommended: after the 
initial Norcuron’ injection, the Erst maintenance dose will generally be required within 25 to 40 minutes However, clinical criteria 
should be used to determine the need tor maintenance doses Since Norcuron® lacks clinically important cumulative effects. 
Subsequent maintenance doses, if required, may be administered at relatively regular intervals for each patient, ranging 
approximately from 12 to 15 minutes under balanced anesthesia. Shanty longer under inhalation agents. (If less frequent 
administration is desired, higher maintenance doses may be administered ) 


Should there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg/kg up to 6.28 
mg/kg have been administered during surgery under halothane anesthesia without ill effects to the cardiovascular system being 
noted as long as ventilation is properly maintained (see CLINICAL PHARMACOLOGY). 


Dosage in Children: Cider chitdren (10 to 17 years of age) have approximately the same dosage requirements {mg/kg} as adults 
and may be managed the same way. Younger children (1 to 10 years of age} may require a slightly higher initial dase and may also 
require Supplementation slightly mare often than adults. Infants under one year of age but cider than 7 weeks are moderately more 
Sensitive to Norcuron* on a mg/kg basis than adults and take about 11/2 times as long to recover. See also subsection of 
PRECAUTIONS titled Pediatric Use. information presently available does not permit recommendation on usage in neonates (see 
PRECAUTIONS}. 


COMPATIBILITY: Norcuran’ is compatible in solution with. | 
0.9% NaC! solution 5% glucose in saline 
5% glucose in water Lactated Ringers 


HOW SUPPLIED: 5 mi viais (contains 10 mg of active ingredient} and 5 mi ampul of preservative-free sterile water tor injection as 
the diluent. 
Boxes of 10. NDC # 0052-0442-17 


STORAGE: PROTECT FROM LIGHT. Store at 15°-30°C (59°-86°F) 


AFTER RECONSTITUTION: Solution may be stored in refrigerator or Kept at room temperature not to exceed 30°C (86°F). 
DISCARD SOLUTION AFTER 24 HOURS. 
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IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.” To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the [ARS B.B. Sankey Anesthesia 
Advancement Award 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below, who complete the 
appropriate application and submit it to the IARS Cleveland office with the applicable dues. 
All memberships include a subscription to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the [ARS annual meeting; Educational 
Members pay no registration fee. 


.... MEMBERSHIP CATEGORIES .... 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM); and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS); 
and other allied health professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $50.00 U.S.; $61.00 foreign. 
These memberships are entered on a calendar year basis only. 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs, nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 


Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 


Oe ah And, re sei pie iy AEN: AA AO I A ME OS SR a Se owe aaa RE ER UTED sh WARE: ED GENE: SOTO WUD ith SHEL Spile GAAB Paan Sm nt NIE Gadan AY Em ntl wiht Souls ED GE fen ee sends di btn PRAD MO ‘RE MAAD Fate HNP Sie GLY Wri Ahr UUA MA ND si SA OLR ER MOE ty EE Se HN YS P pm pmm Seite Hane CED few SNe GHD ED Gro WR OE 


International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 





Please send me _.____. application(s) for: Membership ( ) 
Associate Membership (_—___) 
Educational Membership (___) 


Please print clearly: 
Name and Degree (MD, DO, CRNA, RN, RRT, ete.) 





Street Address City, State, Zip Code (country) 


AGG 


Ohmeda Biox 3700 Pulse Oximeter  .3# SaQ2 Pulse Rate 


P aaier jir AA atn ai Beihai aa ii 


Hot vippi tiaan 


AMAA dee 


E TA RANE EI ALI A NEA IAIA EUNE EEE KEEA EG ENRON AEO ANEAN RO Yeh 


NEAL Natt 


& 


: 
8 
Í 


PAPAA MEAE SERN 





ANESTH ANALG 43] 
1986:65:431-6 





Regional and Global Myocardial Function in the Dog when Nitrous 
Oxide Is Added to Halothane in the Presence of Critical Coronary 


Artery Constriction 


James G. Ramsay, BSc, MD, Charles C. Arvieux, MD, Pierre Foéx, MD, DPhil, 


Daniel M. Philbin, Mp, Peter Jeavons, BA, W. Alan Ryder, and Lee A. Jones 





RAMSAY JG, ARVIEUX CC, FOEX P, PHILBIN DM, 
JEAVONS P, RYDER WA, JONES LA. Regional and 
global myocardial function in the dog when nitrous oxide 
is added to halothane in the presence of critical coronary 
artery constriction. 1986;65:431—-6. 


The effect of substituting 66% nitrous oxide for nitrogen 
on global and regional myocardial function before and after 
critical constriction of the left antertor descending coronary 
artery (LAD) was studied tn six open-chested dogs anes- 
thetized with 1% halothane (inspired). Regional myocardial 
function was measured in the region of the LAD and in the 
region of the left circumflex artery using sonomicrometry, 


and LAD bleod flow was measured. Administration of ni- 
trous oxide produced moderate depression of global perform- 
ance, Regional shortening in both myocardial segments was 
reduced, and dysfunction also appeared in the LAD seg- 
ment. This dysfunction was observed in the presence of both 
normal coronary blood flow, and after critical constriction. 
The appearance of dysfunction when coronary blood flow 
was unimpatred suggests that ischemia may not be the only 
cause of regional myocardial dysfunction. 


Key Words: HEART—coronary heart disease, ven- 
tricular function. ANESTHETICS, Gases—nitrous 
oxide. 





Postsystolic shortening appears in the canine left ven- 
tricle when nitrous oxide is added to fentanyl or su- 
fentanil anesthesia in the presence of critical coronary 
artery constriction (1). This abnormal contraction pat- 
tern suggests regional ischemic dysfunction, even 
though it occurs in the absence of significant changes 
in coronary flow or perfusion pressure. This study 
was undertaken to see whether nitrous oxide added 
to halothane would result in similar regional 
dysfunction. 


Methods 


Six mongrel dogs weighing 20 + 0.8 kg (mean + SEM) 
were studied. After morphine premedication (2 mg/kg) 
anesthesia was induced with thiopental, 10 mg/kg, 
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and the trachea was intubated. Mechanical ventilation 
was instituted with an inspired gas mixture of 33% 
oxygen, nitrogen, and sufficient carbon dioxide to 
maintain normocarbia. Anesthesia was maintained with 
halothane (1-2% inspired, Fluotec vaporizer). Nor- 
mothermia was ensured by a servocontrolled heating 
element incorporated into the operating table, and a 
sensor placed in the midesophagus. 

After insertion of a 14-gauge cannula in the left 
carotid artery for measurement of arterial pressure 
(Statham pressure transducer), insertion of an intra- 
venous cannula for administration of normal saline 
at 4 ml-kg ‘hr t, and attachment of standard limb 
leads to monitor lead II of the electrocardiogram, a 
left thoracotomy was performed excising the fifth and 
sixth ribs. The heart was exposed and suspended in 
a pericardial cradle, and a catheter was placed in the 
pulmonary artery under direct vision for measure- 
ment of cardiac output by dye dilution (indocyanin 
green). A stiff cannula was placed through the apical 
dimple of the left ventricle for measurement of pres- 
sure (Statham pressure transducer) and its first de- 
rivative (dP/dt). A flow transducer (SEM 230, SE Lab- 
oratories) was placed around the root of the aorta for 
measurement of flow, its first derivative (accelera- 
tion), and its integral (stroke volume). 
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Table 1. Experimental Protocol 





Halothane 1%, O, 33%, N- or N-O 66%" 





Na 15 min 
N-O 15 min 
Na 15 min 
N-O 15 min 
No 15 min 


Critical constriction of the LAD 


N, 15 min 
N-O 15 min 
No 15 min 
NLO 15 min 
N3 15 min 


Abbreviation: LAD, left anterior descending coronary artery. 
"CQO, added to maintain normocarbia. 


The left anterior descending coronary artery (LAD) 
was dissected free distal to the first diagonal branch, 
and a flow transducer (SEM 230, SE Laboratories) 
placed around it. A micrometer-controlled snare was 


placed distal to the flow transducer for application of 


critical constriction. 

Two pairs of piezoelectric crystals were inserted in 
the subendocardium for measurement of regional 
myocardial function. The crystals were placed at right 
angles to the long axis of the heart, one pair in the 


area near the apex supplied by the LAD, and another 


pair high on the anterior wall in an area supplied by 
the left circumflex artery (LC). The technique of in- 
sertion of the crystals and the principles of length 
measurement using sonomicrometry have been pre- 
viously described (2,3). 

Approximately 4 hr after the start of anesthesia and 
at least 1 hr after placement of all monitoring devices, 
and after verification of normal acid-base balance, 
normocarbia, and normal left ventricular filling pres- 
sure, the study protocol was begun. While inspired 
halothane concentration was maintained at 1%, and 
inspired oxygen at 33% (Taylor Servomex Oxygen An- 
alyser, Type OA 272, Taylor Instrument Ltd., Crow- 
borough, Sussex, England), nitrous oxide replaced 
nitrogen for two 15-min periods. Recordings were made 


as indicated in Table 1. Critical constriction of the LAD 


was then applied, using the micrometer-controlled 
snare. The snare was tightened in such a way that 
although regional function was unaltered, the hy- 


peremic response that normally follows a 10-sec com- 


plete occlusion of the artery was abolished. Previous 


experience has shown that this procedure reduces 


flow by approximately 30% (4). Exposure to nitrous 
oxide was then repeated in the same sequence as 
before the application of critical constriction (Table 1). 

Signals were recorded on a Mingograph 81 eight 
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channel recorder (Elema Schonander, Stockholm, 
Solna, Sweden). Calibrations for aortic flow, stroke 
volume (the integral of aortic flow), and aortic blood 
acceleration (the first derivative of aortic flow) were 
made by simultaneous determinations of cardiac out- 
put. Regional shortening was timed in relation to global 
indices; end-diastole was defined as the onset of left 
ventricular dP/dt, and end-systole as the time when 
the aortic flow signal first returned to zero. Regional 
shortening that occurred after end-systole was 
“postsystolic.” 

At the termination of the experiment the coronary 
flow transducer was calibrated with known volumes 
of blood. The LAD was then injected with blue ink 
to determine the mass of ventricular muscle supplied, 
for calculation of coronary blood flow per 100 g of 
tissue. The data were manually digitized, derived 
hemodynamic variables were obtained using stan- 
dard formulas, and results were analyzed using Stu- 
dent's paired t-test, with P < 0.05 as the requirement 
for statistical significance. 


Results 


Blood gas tensions were normal in all dogs. All results 
are based on 12 nitrous oxide challenges in six dogs, 
except for coronary blood flow after critical constric- 
tion. For this measurement, the recordings of three 
challenges were inadequate because of baseline drift. 
Therefore nine challenges (in five dogs) are included 
in the coronary blood flow analysis for this time pe- 
riod. Results are expressed as mean + SEM. 


Before Critical Constriction 

Global function. The effects of nitrous oxide on global 
function are summarized in Table 2. The addition of 
nitrous oxide to halothane resulted in no significant 
change in heart rate, left ventricular end diastolic 
pressure (LVEDP), or systemic vascular resistance 
(SVR). Small but statistically significant reductions in 
mean arterial pressure and coronary perfusion pres- 
sure (diastolic blood pressure minus LVEDP) oc- 
curred. Coronary blood flow was not significantly af- 
fected. All the measured indices of left ventricular 
(LV) performance, maximum LV dP/dt, peak aortic 
blood acceleration, peak LV power, and cardiac out- 
put, were significantly reduced by nitrous oxide. 


Regional function. Nitrous oxide administration re- 
sulted in small increases in the end diastolic length 
(EDL) of both the LAD segment (from 12.6 + 0.4 to 
12.8 + 0.4 mm; P < 0.05), and the LC segment (from 
11.5 + 0.6 to 11.8 + 0.6 mm; P < 0.05). There was 


MYOCARDIAL FUNCTION WITH HALOTHANE-N,O 


ANESTH ANALG 433 
1986;65:431-6 


Table 2. The effect of NC on Global Cardiac Function: 12 Challenges in Six Dogs 






















Preconstriction Postconstriction 
No N-O No N-O 
Heart rate (beats/min) 103.3 + 6.4 110.2 + 4.3 115.04 7.3 115.3 + 4.5 
Mean arterial pressure (mm Hg) 91.6 + 2.1 84.6 + 2.8% 95.3 + 2.3 86.8 + 2.4° 
LVEDP (mm Hg) 6.2 2 0.5 5.9 + 0.3 49+ 0.3 5840F 
Coronary perfusion pressure (mm Hg) Tio 2.2 70.6 + 3.3" 81.6 + 2.6 fp na ae 
LV dP/dt maximum (mm He/sec) 1500 + 74 RI? 2.55" 1446 + 46 1192 + 30° 
Aortic blood acceleration (ml/sec) 4444 + 298 3379 + 184° 4016 + 235° 3043 + 178° 
Peak LV Power (mW) 2290 + 136 1730 + 68" 2033 + 103° 1589 + 67° 
Cardiac output (ml/min) 1714 + 78 1490 + 45° 1565 + 56 1377 + 65° 
Coronary blood flow (ml-min ` '-100 g ` ') 54.4 + 4.2 Gl. +50 394% 37 33.5 + 4.0% 
Systemic vascular resistance (dynes/cm’) 4368 + 209 4577 + 185 4951 + 258" 5172 + 280 
All results are mean + SEM. 
Abbreviations: LVEDP, left ventricular end diastolic pressure; LV, left ventricle. 
Indicates P < 0.05 vs No. 
‘Indicates P < 0.05 vs preconstriction N2. 
‘Indicates n = 9 (see results). 
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Figure 1. The effect of nitrous oxide on regional shortening in the 
LAD and LC segments. CC, critical constriction of the LAD. *In- 
dicates P < 0.05 vs the N, value; * indicates P < 0.05 vs the 
preconstriction N value. 


a significant reduction :n systolic shortening in both 
segments (Fig. 1). Postsystolic shortening (shortening 
occurring after the end of ejection) was significantly 
increased in the LAD segment as illustrated in Figure 
2. The small amount of postsystolic shortening pres- 
ent in the LC segment in the control state was un- 
changed by nitrous oxide (Fig. 2). 


Effects of Critical Constriction 


Application of critical constriction of the LAD resulted 
in a 28% reduction in LAD coronary blood flow, in 
keeping with previous experience (4). There were small 
reductions in peak LV power and aortic blood accel- 
eration but not in maximum LV dP/dt, and there was 
also a significant increase in systemic vascular resist- 
ance. Other indices of global function were not af- 





Figure 2. The effect of nitrous oxide on postsystolic shortening in 
the LAD and LC segments. Symbols and abbreviations as in Figure 
1. 


fected. Regional function was unchanged apart from 
a small decrease in systolic shortening in the LC 
segment. 


After Critical Constriction 


Global function. The response after constriction par- 
alleled that seen before constriction. Administration 
of nitrous oxide resulted in significant reductions in 
blood pressure, coronary perfusion pressure, and the 
indices of LV performance. In addition, LVEDP in- 
creased slightly but significantly, and coronary blood 
flow also decreased significantly (Table 2). 


Regional function. A small but significant increase 
in end diastolic length occurred in the LAD segment 
when nitrous oxide was administered (from 12.6 + 
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0.3 to 12.9 + 0.4 mm), associated with a significant 
reduction in systolic shortening (Fig. 1). Postsystolic 
shortening increased significantly with nitrous oxide 
in this segment, as it did before critical constriction 
(Fig. 2). In the LC segment, also as before critical 
constriction, there was a small increase in EDL (from 
11.4 + 0.6to11.7 + 0.6 mm; P < 0.05) and a reduction 
in systolic shortening, but the postsystolic shortening 
already present in the control state was not signifi- 
cantly affected by nitrous oxide. 


Discussion 


Our results indicate that the addition of 66% nitrous 
oxide to approximately 1 MAC halothane in the dog 
results in a significant reduction in global perform- 
ance of the left ventricle, and in regional dysfunction 
in the LAD (apical) segment. Both of these effects 
appear whether the arterial supply to the apical region 
is normal or reduced. 

Sixty-six percent nitrous oxide was substituted for 
nitrogen in the protocol in order to be comparable to 
the concentration likely to be employed in the clinical 
setting. This concentration of nitrous oxide is equiv- 
alent to approximately one third of an MAC in the 
dog (5). Although the effect of an “equivalent” in- 
crease in the halothane concentration was not ex- 
amined, previous work from this laboratory has dem- 
onstrated that although increasing halothane results 
in increasing depression of performance, dysfunction 
appears only in the distribution of a critically con- 
stricted vessel, at high inspired concentrations (3,4). 

The modest reduction in global performance with 
nitrous oxide is in keeping with previous findings in 
anesthetized dogs. Lundborg et al. (6) found a 10% 
decrease in LV dP/dt and stroke work, but little change 
in cardiac output when nitrous oxide was adminis- 
tered under halothane anesthesia, whereas Thorburn 
et al. (7) found an 11% decrease in cardiac output 
under pentobarbital anesthesia. The present findings 
of a 13% decrease in cardiac output, and a reduction 
of approximately 20% in indices of contractility (LV 
dP/dt, peak aortic blood acceleration, and peak LV 
power) are thus not surprising. 

The lack of a major effect of nitrous oxide on pre- 
constriction LAD blood flow is also consistent with 
previous findings, both in this laboratory (1) and else- 
where (7). In choosing a sample size of 12 (six dogs, 
two nitrous oxide administrations) and accepting a 
5% risk of a type I error, we have accepted a greater 
risk of type II error (not finding a difference where 
one exists). With a small sample size and a difference 
between means that is only a moderate proportion of 
the sample standard deviation, the power of the anal- 


RAMSAY ET AL. 


ysis to detect a true effect is diminished. Although 
this does not reduce the strength of our positive find- 
ings, our negative results (such as the effect of nitrous 
oxide on LAD blood flow before critical constriction) 
may reflect smaller differences that a larger sample 
might have detected. 

The reduction in LAD blood flow that occurred 
when nitrous oxide was added after critical constric- 
tion is an expected effect of the reduction in coronary 
perfusion pressure. When a coronary vessel has been 
critically constricted, flow through it is closely related 
to the driving pressure. 

There were considerable differences in the effects 
of nitrous oxide on the two regions of the left ventricle 
studied, as indicated by the greater reductions in sys- 
tolic.shortening that occurred in the LAD segment 
with nitrous oxide, and the appearance of significant 
dysfunction when little effect was observed in the LC 
segment. We have observed a similar regional differ- 
ence in effect when verapamil was administered in 
the presence of isoflurane (8). Other investigators have 
found less shortening at the base than at the apex of 
the heart, and that the apex maintains shortening in 
response to a transient increase in afterload better 
than the base (9). Regional differences in shortening 
have also been found in the normal human left ven- 
tricle (10). S 

In the control state there was slightly more post- 
systolic shortening in the LC than the LAD segment. 
In placing the crystals, efforts were made to select 
positions where there was little or no postsystolic 
shortening; however, near the base of the heart we 
consistently observed a small amount of postsystolic 
shortening in the control state (usually less than 5% 
of total shortening). 

The apical dysfunction that occurred with nitrous 
oxide both before and after critical constriction of the 
LAD is in contrast to the study by Philbin et al. (1). 
In the latter study, postsystolic shortening occurred 
only after critical constriction of the LAD, leading the 
authors to implicate ischemia as the underlying mech- 
anism. Our finding of dysfunction prior to critical 
constriction when flow was not reduced makes it dif- 
ficult to invoke a similar mechanism. This does not 
preclude the possibility of redistribution of flow away 
from the endocardium, resulting in subendocardial 
ischemia as a result of increased wall stress and re- 
duced perfusion pressure. However, the changes in 
these latter parameters before critical constriction were 
of such small magnitude that we do not believe they 
can explain dysfunction occurring in the presence of — 
normal blood flow. 

We have observed development of postsystolic 
shortening during graded application of coronary 
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constriction (11), during deep halothane anesthesia 
in the presence of critical constriction (3), and most 
recently when nitrous oxide was added to narcotics 
in the presence of critical constriction (1). A similar 
pattern of dysfunction was found to develop in and 
near myocardial segments supplied by a stenotic coro- 
nary artery in response to isoproterenol infusion (12). 
Apart from our report of dysfunction developing when 
verapamil was given in the presence of isoflurane (8) 
and studies in which calcium antagonists were in- 
jected into coronary arteries directly (13), we are not 
aware of any report of regional dysfunction devel- 
oping in the absence of obvious myocardial ischemia. 

Figure 3 illustrates the abnormal pattern of short- 
ening we observed, indicating segmental contraction 
(shortening) continuing to occur after the end of ejec- 
tion (as indicated by the stroke volume tracing). As 
discussed above, some regions of the myocardium 
may normally show a small degree of this shortening 
pattern. The left ventricle is not a perfect sphere and 
regional changes in conformation undoubtedly occur, 
especially in the early (“isovolumic”) phases of both 
systole and diastole. However, the appearance of a 
change in the pattern of shortening, such that systolic 
shortening is reduced and postsystolic shortening either 
appears de novo, or is greatly increased, indicates that 
differences in regional contraction are being magni- 
fied. Completely paradoxical wall motion (that is, sys- 
tolic lengthening followed by shortening during di- 
astole) which occurs in frank ischemia has been 
explained in terms of passive stretch followed by elas- 
tic recoil; however, postsystolic shortening or active 
contraction continuing into diastole is more difficult 
to explain. One possibility is that the region exhibiting 
postsystolic contraction is depressed compared to ad- 
jacent regions, and completion of its contraction is 
only possible once the stronger adjoining muscle has 
begun to relax. 

If such regional dysfunction were simply the result 
of myocardial depression affecting the apical and basal 
segments differently, then we might expect any myo- 
cardial depressant to result in increasing degrees of 
postsystolic shortening in the apical region. This is 
not the case. Previous investigations in this laboratory 
have found regional dysfunction associated with in- 
creasing degrees of myccardial depression only when 
the coronary artery supplying the region was critically 
constricted (3,4). Clearlv the addition of nitrous oxide 
to halothane has a different effect from an increase in 
halothane concentration alone. 

We have recently reported regional dysfunction af- 
fecting the apical region more than the basal region, 
in the absence of transmural ischemia, when intra- 
venous verapamil was administered during isoflurane 
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Figure 3. The shortening pattern induced by nitrous oxide in dog 
number 1 before critical constriction. The control and nitrous oxide 
recordings have been superimposed. Note that coincident with the 
reduction in stroke volume (upper trace) there is dilatation indi- 
cated by the rise in end-diastolic length, reduced systolic short- 
ening, and continuation of shortening into the diastolic period 
(open arrows). 


anesthesia (8). It is possible (though speculative) that 
the addition of two drugs that are known to affect 
calcium fluxes might result in a delay in the excita- 
tion—contraction coupling, resulting in dyssynchron- 
ous contraction as well as potent depression. Preex- 
isting differences in regional contraction discussed 
above might make the apical region more sensitive to 
such an effect. Because the depressant effect of ni- 
trous oxide can be reversed by calcium (14), and the 
negative inotropy caused by halothane may be partly 
a result of its effect on calcium fluxes (15,16), a similar 
mechanism may conceivably operate with halo- 
thane~—nitrous oxide. Normal function when nitrous 
oxide is administered in the presence of narcotics and 
normal coronary blood supply is consistent with this 
hypothesis. 

The implications of this study for the anesthetic 
management of patients with coronary artery disease 
are twofold, although extrapolation from canine stud- 
ies to humans must be done with caution. First, ni- 
trous oxide clearly induces reductions in both global 
and regional function of the left ventricle. More im- 
portantly, this agent can induce dysfunction, even in 
a normal area of the myocardium. Many patients with 
coronary artery disease have regions of the myocar- 
dium with diminished function, and administration 
of an agent known to induce dysfunction might be 
expected to worsen the degree of abnormality already 
present; in fact, patients with coronary artery disease 
have been reported to be particularly sensitive to the 
effects of nitrous oxide (17,18). These clinical reports, 
the results of Philbin et al. (1), and our present find- 
ings suggest that the routine administration of nitrous 
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oxide in the patient with coronary artery disease must 
be questioned. 
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Thiopental and Epinephrine-Induced Dysrhythmias in Dogs 
Anesthetized with Enflurane or Isoflurane 
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ATLEE JL II, ROBERTS FL. Thiopental and epinephrine- 
induced dysrhythmias in dogs anesthetized with 
enflurane or isoflurane. Anesth Analg 1986;65:437—43. 


Epinephrine-induced dysrhythmias were studied in 19 dogs 
anesthetized with 1.25 MAC enflurane or isoflurane, or the 
same preceded by thiopental (20 mg/kg). In 11 (group 1) 
dogs, thiopental reduced the dose of epinephrine required 
for production of ventricular ectopy, bigeminy and tachy- 
cardia with enflurane, and only ventricular tachycardia with 
isoflurane (P < 0.05). Thiopental potentiation of epineph- 
rine-induced dysrhythmias with enflurane lasted 4 hr after 
induction. In eight (group 2) dogs, the arrhythmic dose 
(ADE in pg/ml) and plasma level of epinephrine (PLE in 
ng/ml) for four or more ventricular extrasystoles in 15 sec 
were determined in the same animal under each of the four 
test conditions. ADE and PLE values (X + SEM) were, 
respectively, enflurane, 9.1 + 1.0and141 + 24 (8/8 dogs); 
enflurane—thiopental, 5.0 + 0.6 and 63 + 16 (8/8 dogs); 
isoflurane, 28.3 and 330 (1/7 dogs); and isoflurane 


Induction of anesthesia with thiopental in dogs re- 
duces the dose of epinephrine required for production 
of ventricular dysrhythmias during both cyclopro- 
pane (1) and halothane anesthesia (2), an effect that 
persists up to 4 hr after induction. However, the effect 
_ of thiopental on epinephrine dysrhythmias with en- 
flurane and isoflurane anesthesia has not been re- 
ported but is of some interest because thiopental is 
also used to facilitate induction with these agents. 
Additionally, enflurane and isoflurane appear to be 
less sensitizing than halothane in both humans (3) 
and animals (4,5). 

In the present study, we examined the effect of 
induction with thiopental on epinephrine-induced 
dysrhythmias in dogs anesthetized with enflurane or 
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thiopental, 15.2 + 2.8 and 265 + 59 (5/7 dogs). In addi- 
tion, thiopental had no effect on plasma epinephrine levels 
reached during epinephrine infusions with 1.0 (enflurane 
only), 2.0 (enflurane, isoflurane) and 4.0 g-kg-*-min—! 
(isoflurane only). Nor were epinephrine levels reached’ 
during enflurane or ‘enflurane-thiopental different from 
those reached during isoflurane or isoflurane—thiopental. 
It ts concluded that thiopental potentiates several types of 
epinephrine-induced ventricular aysrhythmias with enflur- 
ane, but only ventricular tachycardia with isoflurane. Fur- 
thermore, isoflurane or isoflurane—thiopental were less sen- 
sitizing than enflurane or enflurane—thiopental. Finally, 
neither thiopental nor the anesthetic agents affected plasma 
epinephrine levels reached durirg epinephrine infusions 
lasting 3 min. 


Key Words: ANESTHETICS, INTRAVENOUS—thio- 
pental. ANESTHETICS, voLatite—enflurane, iso- 
flurane. HEART, ARRHYTHMIAS—electrocardiography. 


isoflurane. As in the study with thiopental and halo- 
thane (2), graded infusions of epinephrine were used 
so that the dose of epinephrine for initiation of supra- 
ventricular and lesser ventricular dysrhythmias—those 
appearing before ventricular tachycardia during the 
course of sensitization—could be determined. Also, 
plasma levels of epinephrine at the time of ventricular 
dysrhythmias were determined in a separate group 
of dogs anesthetized with enflurane or isoflurane, either 
alone or after induction with thiopental. 


Methods 


All procedures performed conform with the Guiding 
Principles in the Care and Use of Animals, approved by 
the Council of the American Physiologic Society. 
Nineteen unpremedicated mongrel dogs of either sex 
(weight 12-20 kg) were fasted overnight and then 
anesthetized either with an inhalation induction (en- 
flurane, isoflurane) or with intravenous thiopental (20 
mg/kg). After induction, the trachea was intubated 
and the dogs mechanically ventilated (VT 20-25 ml/kg) 
with enflurane or isoflurane in oxygen (Flo, 1.0) to. 
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Table 1. The Effects of Thiopental on the Mean (+ sem) Dose of Epinephrine (ug/kg) Required for Initiation of 
Atrioventricular Dissociation (AVD) or Atrial and Ventricular Dysrhythmias in Group 1 Dogs 





Anesthetic SAP-WAP AT ECT AVD V ECT V BIG V TACH 
ENF 0.5 + 0.1 (11) 2.2 + 0.2 (7) 2.4 + 0.8 (6) 7.5 + 1.4 (10) 9.8 + 1.6 (9) 12.2 + 1.8 (8) 
ENF-THIO 0.5 + 0.0 (11) 2.1 + 0.4 (8) 2.3 + 0.4 (5) 3.3 + 0.7 (11) 3.5 + 0.5 (9) 5.3 + 1.0 (11) 
ISO 0.7 + 0.1 (11) 3.3 + 0.9 (9) 1.8 + 0.4 (7) 9.4 + 2.9 (8) 0.8 (1} (0/11)! 
ISO-THIO 0.8 + 0.2 (11) 2.5 + 0.5 (9) 2.8 + 0.5 (8) 9.8 + 2.5 (11} 5.3 + 3.0 (2} 10.3 + 2.7 (5)? 


n = 11. Number of dogs with dysrhythmias is shown in parentheses. 


Abbreviations: SAP-WAP, shift in or wandering atrial pacemaker; AT-ECT, atrial ectopy; V ECT, ventricular ectopy; V BIG, ventricular bigeminy; 
V TACH, ventricular tachycardia; ENF, enflurane only; ENF-THIO, enflurane after induction with thiopental; ISO, isoflurane only; ISO-THIO, isoflurane 


after induction with thiopental. 
aP = 0.05 vs same anesthetic without THIO. 
’P = 0.05 ISO vs ENF or ISO-THIO vs ENF-THIO. 


maintain end-tidal CO, values (Beckman LB-2 ana- 
lyzer) between 35 and 40 mm Hg. End-tidal anesthetic 
levels (Beckman LB-2 analyzer) equivalent to 1.25 MAC 
for enflurane (2.75%) and isoflurane (1.88%) were 
maintained (6). In addition, arterial blood gas tension 
and serum K* levels were measured before and after 
each epinephrine infusion. Sodium bicarbonate was 
administered between epinephrine infusions to cor- 
rect base deficits greater than 3 mEq/L. Femoral ar- 
terial and airway pressures (Statham P23Db trans- 
ducer), the surface electrocardiogram (Lead IJ), and 
catheter high right atrial and His bundle electrocar- 
diograms were simultaneously displayed (Electronics 
for Medicine VR-12; Norland 3001 processing, digital 
oscilloscope) and recorded (Vetter FM recorder). 
Esophageal temperature ranged from 36.0 to 38.0°C. 
Saline (0.9 N} was administered (3-5 ml-kg~*-hr~‘) 
into a forelimb vein. 


Anesthetics and Epinephrine 


Each dog was tested at weekly intervals under the 
following randomized test conditions: 1) enflurane 
alone, 2) enflurane after thiopental induction, 3) iso- 
flurane alone, 4) isoflurane after thiopental induction. 
The desired end-tidal anesthetic level was maintained 
for 30 min prior to testing with epinephrine. Epi- 
nephrine was infused during a 1—4-hour testing pe- 
riod after induction. Epinephrine was infused cen- 
trally (external jugular or femoral vein) in graded doses 
between 0.5 and 10 wg-kg~*-min~’. (The epinephrine 
dose was doubled until ventricular tachycardia ap- 
peared, and then determined to the nearest 1.0 
pe-kg~tmin~'—e.g., 0.5 to 1.0 to 2.0 to 4.0 to 8.0 to 
6.0 to 5.0 wg-kg~'.min~‘.) Infusions were not begun 
until blood pressure, heart rate, and rhythm had re- 
turned to baseline after the previous infusion (10—40 
min). Each infusion was continued until either ven- 
tricular tachycardia appeared or 2.5 min (group 1 dogs, 


see below) or 3.0 min (group 2 dogs, see below) had 
elapsed. The highest epinephrine infusion level used 
in any dog was 10 ug-kg~’smin~', because in pilot 
experiments two dogs (enflurane-thiopental) had 
ventricular fibrillation at this level of epinephrine and 
could not be resuscitated. Additionally, the infusion 
of larger amounts of epinephrine would have been 
clinically irrelevant. Amounts of epinephrine in ex- 
cess of 10 ug/kg are larger than those recommended 
for surgical hemostasis during halothane anesthesia 
(7), or those that appear safe with either enflurane or 
isoflurane (3). 


Group 1 Dogs 


Eleven dogs were tested in the same manner as pre- 
viously used to determine the effect of thiopental in- 
duction on epinephrine dysrhythmias with halothane 
(2). Dysrhythmias were categorized as shift in or wan- 
dering atrial pacemaker, the appearance of atrioven- 
tricular (AV) dissociation associated with AV junc- 
tional or idioventricular beats or rhythm (rate < 120 
beats/min), atrial ectopic beats, ventricular ectopic beats, 
ventricular bigeminy, and ventricular tachycardia (2). 
The dose (ug/kg) of epinephrine for each category of 
rhythm disturbance was calculated as the product of 
epinephrine infusion rate (ug-kg~4smin~!) and time 
(min) to dysrhythmia. Infusions lasted 2.5 min in group 
1 dogs, the same as in our previous study with halo- 
thane and thiopental (2). Finally, eight of the 12 group 
1 dogs were tested on two additional occasions (also 
randomized) to determine whether epinephrine doses 
for dysrhythmias with enflurane or isoflurane were 
the same 1-2 (EARLY) or 3—4 hr (LATE) after thio- 
pental induction (2). Dogs were tested with the same 
levels of epinephrine (enflurane: 1.0, 2.0, and 
4.0 ugkg`imin™t; isoflurane: 1.0, 4.0, and 6.0 
pekg~*min~*) both EARLY and LATE after induc- 
tion with thiopental. 
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Table 2. Mean (+ SEM) Epinephrine Dose (uwg/kg) Required for Production of AVD or Atrial and Ventricular 
Dysrhythmias with Enflurane and Isoflurane 1-2 hr (EARLY) and 3-4 hr (LATE) after Induction with Thiopental in 
Eight Group 1 Dogs 


Time SAP-WAP AT ECT AVD V ECT V BIG V TACH 
EARLY (enflurane) LL03 1.7 + 0.7 1:2:-+-0.2 9.0. 1.7 3.8 + 0.7 5.6 + 0.7 
LATE (enflurane) 0.7 + 0.1 3.4 + 0.8 2.4 + 0.8 IIE LE 4.0 + 1.0 5.8 + 1.0 
n 8 2 3 7 7 6 
EARLY (isoflurane) 0.7 + 0.1 5.1 + 1.5 2.7 + 06 12.0 + 3.8 0 12.4 + 0 
LATE (isoflurane) 0.6 + 0.2 2.6 + 1.1 4.4 + 1.5 6.6 + 2.4 0 11.6 + 0 
n 8 3 5 3 0 1 


n, number of dogs in which these dysrhythmias occurred both EARLY and LATE. 


Abbreviations are the same as in Table 1. 


Group 2 Dogs 


Another eight dogs were tested on weekly occasions 
(randomized) to determine the arrhythmic dose (ADE 
in ug/ml) and plasma level (PLE in ng/ml) of epi- 
nephrine at ventricular arrhythmias (four or more 
ventricular extrasystoles in 15 sec (5,8)) during en- 
flurane, enflurane—thiopental, isoflurane, or isoflur- 
ane—thiopental. Methods were identical to those above, 
except for the following: Epinephrine was infused over 
3.0 min and a bracketing method used to establish 
ADE. Beginning with 1.0 ugkg~*min™', the epi- 
nephrine infusion level was doubled up to 8.0 
pgkg`'min™t, unless the arrhythmias were encoun- 
tered at 4.0 wg-kg~ -min™*. If there were arrhythmias 
at 8.0 ugkg`'min™t, 6.0 ugkg`'min™?! was tested; 
if not, 10.0 ugkg`'min™* (highest level) was tested. 
No animal was tested with more than five epineph- 
rine infusion levels; usually, only three or four were 
required to find the ADE. Plasma epinephrine levels 
were determined from an arterial blood sample with- 
drawn at the time the ADE was encountered. Arterial 
samples for PLE (below) were also collected at 1.0, 
2.0, and 3.0 min with 1.0 and 2.0 ugkg`'min™! 
epinephrine (enflurane, enflurane—thiopental) and 
2.0 and 4.0 pe-kg~*min~’ (isoflurane, isoflurane- 
thiopental). In addition, arterial blood was sampled 
at the end of the 10.0-ugkg`'min™t! epinephrine in- 
fusion in dogs tested with isoflurane or isoflurane- 
thiopental who did not develop ventricular arrhyth- 
mias by 3.0 min. 


Epinephrine Plasma Level Determinations 


Blood samples for measurement of epinephrine plasma 
levels were withdrawn into precooled plastic tubes 
containing an EDTA-metabisulfite solution (supplied 
by Mayo Medical Laboratories, Rochester, Minne- 
sota). These were centrifuged at 2°C for three minutes 
at 4000 rpm. Samples were then separated and stored 
at —20°C until sent within 7 days on dry ice to Mayo 


Medical Laboratories for analysis. High performance 
liquid chromatography (epinephrine sensitivity > 10 
pg/ml) was used for analysis (9,10). 


Data Analysis 


The data were censored, because the highest epi- 
nephrine infusion level (10 we-kg~'-min@~’, lasting 2.5 
or 3.0 min) provided a maximum epinephrine dose 
of 25 or 30 pg/kg. Thus a paired t-test could not be 
used for comparing the dose of epinephrine for dys- 
rhythmias with enflurane and isoflurane, or these same 
anesthetics after thiopental induction. Instead, the 
Wilcoxon signed rank test was used (11). Student's t- 
test and graphic methods were used for all other 
comparisons. 


Results 
Arterial Blood Gas and Serum Potasstum Values 


Arterial blood gas tensions prior to testing in group 
1 and 2 dogs were the following: pH 7.35-7.42, Paco 
33-42 torr, and Pao, > 350 torr. Calculated base def- 
icits were = 3.0 mEq/L. Although there was an in- 
crease (0.3-2.9 mEq/L) in serum potassium (K*) after 
epinephrine infusions, serum K* ranged from 3.4 to 
4.6 mEq/L prior to testing with epinephrine. 


Group 1 Dogs 

Epinephrine doses for atrial dysrhythmias and AV 
dissociation with enflurane were not different from 
those with isoflurane, nor were they affected by thio- 
pental with either agent (Table 1). Thiopental reduced 
the epinephrine dose for all types of ventricular rhythm 
disturbances with enflurane, but only for ventricular 
tachycardia with isoflurane (Table 1). Compared with 
enflurane or enflurane—thiopental, the epinephrine 
dose for ventricular bigeminy or tachycardia was greater 
(P = 0.05) with isoflurane or isoflurane—thiopental 
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Table 3. Increase in Systolic Blood Pressure (mm Hg; mean + sEM) for Atrioventricular Dissociation or Ventricular 
Dysrhythmias Associated with the Infusion of Epinephrine During Anesthesia in 12 Group 1 Dogs 





Anesthetic AVD V ECT V BIG V TACH 
ENF 125 + 30 (6) 172 + 14 (10) 188 + 12 (9) 198 + 12 (8) 
ENF-THIO 104 + 16 (5) 159 + 17 (11) 186 + 14 (9) 176 + 15 (11) 
ISO 110+ 8(7) 177 + 21 (8) 210 + 90 (1) (0) 
ISO-THIO 87 + 16 (8) 132 + 19 (11) 182 + 46 (2) 170 + 14 (5) 





Number of dogs with dysrhythmias is shown in parentheses. 
Abbreviations same as in Table 1. 


Table 4. Arrhythmic Dose of Epinephrine (ADE, ug/ml), Plasma Level of Epinephrine (PLE, ng/ml), Time (min) to 
Dysrhythmias (Four or More Ventricular Ectopic Beats within 15 sec), and Level of Epinephrine Infusion Associated 
with Onset of Dysrhythmias (w#kg~?-min~') in Group 2 Dogs (n = 8). 


Condition n ADE 
ENF 8 9.1 + 1.0 
ENF-THIO 8 5.0 + 0.67 
Iso 1 28.3? 
ISO-THIO 5 15.2 + 2.8 


Values shown are mean + SEM. 

n, number of dogs with dysrhythmias. 

ap < 0.05 ENF-THIO vs ENF or ISO-THIO vs ISO. 
tP < 0.05 ISO vs ENF or ENF-THIO vs ISO-THIO. 
Abbreviations for anesthetics same as in Table 1. 


(Table 1). The epinephrine dose for ventricular ectopy 
was not different from isoflurane compared with en- 
flurane, but greater (P < 0.05) for isoflurane- 
thiopental compared with enflurane-thiopental (Ta- 
ble 1). Values for the epinephrine dose for various 
types of dysrhythmias 1-2 hr (EARLY) and 3-4 hr 
(LATE) after thiopental induction are shown for eight 
group 1 dogs in Table 2. There were no statistically 
significant differences for the dose of epinephrine for 
any type of dysrhythmia determined EARLY or LATE 
with either enflurane or isoflurane. Finally, values for 
the systolic blood pressure increase (before epineph- 
rine vs at time of dysrhythmia) with epinephrine for 
AV dissociation and ventricular dysrhythmias are 
shown for 12 group 1 dogs in Table 3. There was no 
statistically significant difference in the increase in 
blood pressure with any category of dysrhythmia with 
enflurane compared with enflurane—thiopental, or 
isoflurane compared with isoflurane—thiopental. Nor 
was the increase in blood pressure with various types 
of dysrhythmias different for isoflurane or isoflur- 
ane-thiopental with enflurane or enflurane— 
thiopental (Table 3). 


Group 2 Dogs 


The arrhythmic dose (ADE) and PLE for ventricular 
dysrhythmias (four or more ventricular extrasystoles 
with 15 sec) in group 2 dogs is shown in Table 4. Also 
shown (Table 4) is the time during epinephrine in- 


PLE Time Level 
141 + 24 1.8 + 0.2 5.0 + 0.5 
63 + 167 1.9 + 0.2 2.8 + 0.3" 

330° 2.8 10.0° 
265 + 59° 21 +02 7.8 + 1.2 


fusion at which dysrhythmias occurred, as well as the 
epinephrine infusion level for dysrhythmias. Both 
ADEs and PLEs were greater (P < 0.05) with enflurane 
compared to enflurane—-thiopental, and with isoflur- 
ane compared to enflurane. Thiopental did not sig- 
nificantly reduce the ADE (P = 0.08) or PLE (P = 
0.076) with isoflurane in group 2 dogs (Table 4). Fi- 
nally, plasma epinephrine levels reached at 1.0, 2.0, 
and 3.0 min during epinephrine infusions are shown 
for enflurane and for enflurane—thiopental at 1.0 
ugkg-'min@/ (Fig. 1), isoflurane and isoflurane- 
thiopental at 4.0 wg-kg~*min~! (Fig. 2) and for all test 
conditions at 2.0 ug-kg™*smin~' (Fig. 3). Irrespective 
of epinephrine infusion level or test condition, stable 
plasma epinephrine levels were reached by 2.0 min, 
the time at which the majority of dysrhythmias oc- 
curred (Table 4). Additionally, thiopental had no ef- 
fect on epinephrine plasma levels reached with en- 
flurane or isoflurane (P < 0.05). Finally, the epinephrine 
plasma level reached at 3.0 min after epinephrine, 10 
ugkg` imin”? in dogs without dysrhythmias, was 579 
+ 64 ng/ml during isoflurane (n = 6 dogs), and 457 
+ 125 ng/ml during isoflurane-thiopental (n = 2 dogs). 


Discussion 


These data indicate that induction of anesthesia with 
thiopental potentiates several types of epinephrine- 
induced ventricular rhythm disturbances in dogs 
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Figure 1. Plasma epinephrine (EPI) levels reached during the in- 
fusion of EPI (1.0 ng-kg~*-min~*) over 3.0 min in group 2 dogs 
(n = 8) anesthetized with enflurane (ENF) and enflurane- 
thiopental (ENF-THIO). The bars indicate seM. Blank, plasma EPI 
level prior to EPI infusion. 


anesthetized with enflurane,- but only ventricular 
tachycardia with isoflurane. Furthermore, potentia- 
tion by thiopental of epinephrine-induced ventricular 
dysrhythmias with enflurane lasts for up to four hours. 
Supraventricular dysrhythmias and AV dissociation 
(associated with AV junctional or ventricular escape 
beats or rhythm) were not potentiated by thiopental 
with either anesthetic. Both ADEs and PLEs associ- 
ated with ventricular dysrhythmias were reduced when 
enflurane was preceded by thiopental, and with en- 
flurane alone or enflurane plus thiopental compared 
with isoflurane or isoflurane plus thiopental. In con- 
trast to a previous report of anesthetic effects on ADEs 
and PLEs (including that of enflurane after thiopental) 
in which a different dog was used for each experiment 
(5), in the present experiments the same dog was 
tested with each of four anesthetics (enflurane or iso- 
flurane alone, and enflurane or isoflurane after thio- 
pental). Plasma epinephrine levels reached with com- 
parable levels cf epinephrine infusion were similar 
for each anesthetic condition. Thus thiopental poten- 
tiation of sensitization, as well as increased sensiti- 
zation with enflurane, do not appear related to an 
effect of thiopental or anesthetic (enflurane compared 
to isoflurane) on epinephrine metabolism. Our ob- 
servation that thiopental potentiates sensitization with 
enflurane is similar to the effect of thiopental on epi- 
nephrine-induced dysrhythmias in dogs anesthetized 
with halothane (2). Indeed, the doses of epinephrine 
for various types of ventricular dysrhythmias with 
enflurane preceded by thiopental (Table 1) are nearly 
the same as those previously reported for halothane 
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Figure 2. Plasma epinephrine (EPI) levels reached during the in- 
fusion of EPI (4.0 pg-kg~*min~') over 3.0 min in group 2 dogs 
(x = 7) anesthetized with isoflurane (ISO) or isoflurane—thiopental 
(I50-THIO). Abbreviations, bars, and blank same as in Figure 1. 


alone (ventricular ectopy, 3.8 + 0.7; ventricular bi- 
geminy, 4.0 + 1.0; ventricular tachycardia, 5.5 + 0.3 
ug/ml) (2). 

Our values for ADE and PLE with enflurane and 
thiopental (Table 4) are subsiantially lower than those 
obtained, also in dogs, by Sumikawa et al. (5). They 
found an ADE of 20.9 + 3.5 ug/ml and PLE of 
206.3 + 17.9 ng/ml for the same level of enflurane 
preceded by thiopental induction (20 mg/kg). Their 
dysrhythmia end point and method of epinephrine 
assay (high performance liquid chromatography) were 
the same as those used in this study. However, their 
method for the infusion of epinephrine differed, which 
may explain the different results obtained in the two 
studies. In the study by Sumikawa, epinephrine was 
infused according to the method of Pace et al. (8), 
that is, over 3 min, beginning with a dose of 0.67 
gkg smin~1, which was increased by e°? (e = 2.72) 
amounts until the dysrhythmia (4 or more ventricular 
ectopic beats in 15 sec) occurred. Also, only 10 min 
elapsed between infusions (5,8), compared with 10-40 
min in this study. We calculate that 13 successive 
infusions were required to reach the mean infusion 
rate (11.4 + 1.4 pg-kg~'min™') at which ADE and 
PLE were obtained in Sumikawa’s study (5). Mac- 
Cannell and Dresel have shown (cyclopropane-anes- 
thetized dogs) that repeated challenges with epi- 
nephrine lead to tolerance and the inability to produce 
dysrhythmias, or the requirement for much higher 
doses of epinephrine for dysrhythmias (12). Perhaps 
epinephrine tolerance could have led to the higher 
reported values for ADE and PLE with enflurane and 


44? ANESTH ANALG 
1986;65:437--43 


LEVEL 2.0 


i (ug/kg/ min ) 


50 


E W 

© 40 

eas 

= 

E A 

$ , O- ENF 

2 20 A *ENF-THIO 
a 0 «ISO 


@-!SO-THIO 


BLANK 10 2.0 30 
INFUSION TIME (min) 


Figure 3. Plasma epinephrine (EPI) levels reached during the in- 
fusion of EPI (2.0 ug'kg~\min™!) over 3.0 min in group 2 dogs 
anesthetized with enflurane (ENF) or enflurane—thiopental (ENF- 
THIO), or isoflurane (ISO) or isoflurane—thiopental (ISO-THIO). 
Abbreviations, bars, and blank same as in Figure 1. 


thiopental in the study of Sumikawa et al. (5). Tol- 
erance to epinephrine could also explain the higher 
ADE for isoflurane alone (dogs, 23 + 3 pg/kg) ob- 
tained by Joas and Stevens (4). 

The mechanism for thiopental potentiation of sev- 
eral types of epinephrine-induced ventricular dys- 
rhythmias with enflurane, and ventricular tachycar- 
dia with isoflurane, does not appear to involve altered 
metabolism of epinephrine in dogs pretreated with 
thiopental, or differences in epinephrine metabolism 
between enflurane and isoflurane, because plasma 
levels were similar for the same level of epinephrine 
infusion with or without thiopental. Admittedly, 
we did not compare higher epinephrine infusion lev- 
els with isoflurane. This was because most dogs with 
isoflurane and thiopental reached their ADE during 
the infusion of epinephrine at or below 8.0 
pg-kg~1smin~ +. Similar values for epinephrine plasma 
level in group 2 dogs at the end of epinephrine, 10 
pe-kg-'tmin~! with isoflurane (6 dogs) and isoflur- 
ane—thiopental (2 dogs), suggest that thiopental also 
does not affect plasma epinephrine levels reached with 
higher epinephrine infusion levels. Nor does the thio- 
pental effect on epinephrine-induced dysrhythmias 
appear related to increases in systolic blood pressure 
above baseline levels at the time of dysrhythmia (Ta- 
ble 3), as we have shown with halothane (2). Al- 
though the increase in systolic blood pressure with 
each category of dysrhythmia (Table 3) appears greater 
without thiopental pretreatment, possibly reflecting 
higher epinephrine infusion levels, this was not sta- 
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tistically significant. Nor were the differences in 
increases in systolic pressure with enflurane or iso- 
flurane significant. Consequently, we propose the fol- 
lowing as a mechanism for thiopental potentia- 
tion of epinephrine-anesthetic ventricular dys- 
rhythmias. 

It is known that thiopental (13) and halothane (14) 
(the effects of enflurane and isoflurane have not been 
reported) have contrasting effects on the action po- 
tential in ventricular muscle. Because the effects in- 
volve duration of action potential and refractoriness, 
we postulate an interaction between thiopental and 
the anesthetics that increases the temporal dispersion 
of refractoriness in ventricular muscle. Critical changes 
in refractoriness could favor reentrant ventricular dys- 
rhythmias, one proposed mechanism for epineph- 
rine-induced ventricular dysrhythmias with halo- 
thane (15). Alternatively, thiopental and halothane 
may be shown to have contrasting effects at sometime 
on abnormal mechanisms for automaticity in ventric- 
ular fibers; that is, spontaneous depolarization in fi- 
bers with a reduced level of membrane potential. Such 
mechanisms may be initiated by exposure to cate- 
cholamines and high extracellular potassium (16). 

Our data were obtained in dogs and therefore might 
not apply to humans, although the dog is a widely 
used model for the human condition. Johnston et al. 
found an EDs (positive ventricular dysrhythmia re- 
sponse in 50% of patients) of 10.9 ug/kg for enflurane, 
and 6.7 ug/kg for isoflurane, in patients undergoing 
transphenoidal removal of pituitary tumors who re- 
ceived submucosal injections of epinephrine (3). Their 
dysrhythmia end point differed from ours: it was three 
ventricular extrasystoles at any time during or im- 
mediately after (3-10 min) epinephrine injections. Also, 
submucosal epinephrine injection, with the possibil- 
ity of variable rates of absorption, is not the same as 
central intravenous injection. Despite these limita- 
tions, the EDs values obtained by Johnston et al. (3) 
are not too different for enflurane and isoflurane from 
those found for ventricular ectopy in our Group 1 
dogs. However, the study by Johnston et al. (3) could 
be somewhat misleading because there were too few 
patients anesthetized with enflurane that had positive 
dysrhythmia responses to determine an EDso for 
enflurane. 

Our finding of thiopental potentiation of epineph- 
rine-induced ventricular dysrhythmias with enflur- 
ane may have clinical relevance. The first author has 
observed what may have been multiform ventricular 
premature beats (interpreted as multifocal atrial 
tachycardia with aberrant ventricular conduction) in 
a patient anesthetized with thiopental—enflurane— 
oxygen, who received a total of 30 ug of epinephrine 
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(6.0 ml 1:200,000 epinephrine in 0.5% lidocaine) in- 
jected submucosally (17). 

In conclusion, our findings in dogs confirm the 
clinical impression that enflurane and isoflurane are 
less sensitizing than halothane. They suggest that, as 
with halothane (2), induction of anesthesia with thio- 
pental may increase the likelihood of catecholamine- 
mediated ventricular dysrhythmias. However, this 
would require a dose of epinephrine far exceeding 
that recommended for surgical hemostasis with halo- 
thane (recommended dose, 1.0 wg-kg~*.10 min~*) (3,7). 
We hasten to add that a “safe” dose has not been 
established in humans for epinephrine with either 
enflurane or isoflurane. Plasma levels of epinephrine 
equivalent to those measured in this study have been 
observed in patients with pheochromocytoma, par- 
ticularly during surgical manipulation of the tumor 
(18). Thus it might be prudent to avoid induction with 
thiopental in patients with pheochromocytoma when 
enflurane or isoflurane are to be used for anesthesia. 
Also, as with halothane (2), and if our present find- 
ings are applicable to humans, epinephrine-induced 
ventricular dysrhythmias often may be preceded— 
that is, at a lesser dose or plasma level of epineph- 
rine—by atrial dysrhythmias and AV junctional or 
ventricular escape beats or rhythm associated with 
AV dissociation. Hence, these lesser rhythm distur- 
bances can be viewed as harbingers for more serious 
dysrhythmias. Finally, the problem of catecholamine- 
mediated dysrhythmias is still an important clinical 
issue—for example, stress-mediated catecholamine 
release, vasopressors, bronchodilators, and auto- 
nomic imbalance, in addition to causes mentioned 
above. Thus it is likely that anesthesiologists will con- 
tinue to search for less sensitizing anesthetic agents 
and techniques. If so, our results also suggest that 
serious consideration should be given to possible 
modifying effects of other drugs or procedures used 
to test for sensitization. 
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The current study examined the possibility that high local 
anesthetic concentrations within the central nervous system 
could contribute to the toxic cardiovascular effects observed 
clinically after an accidental intravenous injection. Equal 
numbers of molecules of lidocaine (1.6 jl of a 2% solution) 
and bupivacaine (1.0 jal of a 4% solution) were injected at 
three vasomotor and cardioactive areas in the rat medulla 
by means of a 28-gauge hypodermic needle and a micro- 
syringe. These areas were the C1 region, the intermedio- 
lateral column (IML), and the nucleus tractus solitarius 
(NTS). Both lidocaine and bupivacaine at C1 significantly 
decreased mean arterial pressure and, at IML, resulted in 
significant bradycardia and hypotension. At NTS, both lido- 
caine and bupivacaine caused significant bradycardia and 
hypotension, which were accompanied by ventricular ar- 
rhythmias in 55% of the animals. In all animals in whom 
ventricular arrhythmias were associated with lidocaine, the 


Numerous in vivo and in vitro studies have examined 
the etiology of reported cardiotoxicity of bupivacaine 
(1-8). Most recently, Clarkson and Hondeghem re- 
ported that in guinea pig ventricular muscle, both 
lidocaine and bupivacaine produce direct myocardial 
depression by blocking cardiac sodium channels (8). 
Bupivacaine was found to be a more potent channel 
blocker, which was attributed to differences in bind- 
ing affinity and sodium channel association kinetics. 
The in vitro studies of Clarkson and Hondeghem 
produced signs of cardiovascular toxicity similar to 
those reported in vivo in sheep (3,5). Other mecha- 
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arrhythmias spontaneously reverted to normal sinus rhythm. 
In 50% of animals developing ventricular arrhythmias after 
bupivacaine, the arrhythmias resulted in death. Using an 
equal number of molecules of lidocaine and bupivacaine, all 
three regions studied demonstrated that bupivacaine was 
2-4 times more potent than lidocaine in producing cardio- 
vascular effects. These data demonstrate that direct appli- 
cation of local anesthetics within the medullary region of 
the central nervous system can result in hypotension, brady- 
cardia, and ventricular arrhythmias similar to what may be 
seen in humans after accidental intravenous injections of 
local anesthetics. Moreover, the sites and mechanisms of 
action appear to be identical for bupivacaine and lidocaine. 
Thus bupivacaine does not appear to be an aberrant local 
anesthetic, as some have suggested, but rather produces 
more profound effects related to its potency and physico- 
chemical properties. 


Key Words: ANESTHETICS, Ltocat—lidocaine, bu- 
pivacaine. TOXICITY—local anesthetic. 


nisms proposed for cardiotoxicity focus on the ability 
of bupivacaine to depress atrioventricular (AV) node 
conduction and/or myocardial contractility (4-7). 
However, none of the studies to date has considered 
the possibility of concomitant cardiovascular system 
(CVS) and central nervous system (CNS) toxicity, which 
have been reported under clinical circumstances in 
humans (9). These clinical observations have led to 
the suggestion that toxicity associated with bupiva- 
caine is different from the toxicity ascribed to other 
amide local anesthetics. Whereas isolated heart ex- 
periments allow evaluation of direct myocardial ef- 
fects, in vivo studies involving systemic administra- 
tion do not allow independent observations of the 
specific isolation into the discrete contributions of the 
CNS and CVS to the observed toxicity. A central 
mechanism for the inotropic and chronotropic actions 
of lidocaine has been reported (10). A marked increase 
in the brain—blood partitioning during convulsions 
has also been reported for lidocaine, suggesting an 
increased permeability of local anesthetics across the 
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Figure 1. Schematic diagram of the vasomotor and cardioactive 
areas of the medulla. Nucleus tractus solitarius produces an inhib- 
itory (—< —) influence on the C1 cell bodies. The C1 cell bodies 
in turn produce an excitatory influence (—< +) on the interme- 
diolateral column resulting in vasoconstriction. 


blood-brain barrier during local anesthetic-induced 
seizures (11). Because the CNS can exert dromotropic, 
inotropic, and chronotropic effects on the myocar- 
dium, some of the cardiovascular system depressant 
effects of amino-dmide local anesthetics might pos- 
sibly be mediated through CNS mechanism(s) (12). If 
this hypothesis were true, then the apparently si- 
multaneous onset of CNS and CVS toxicity with bu- 
pivacaine could be explained in part by extremely 
high brain concentrations. This study was designed 
to evaluate the potential contribution of the CNS to 
cardiac toxicity associated with amide local anes- 
thetics by use of an in vivo model that obviates the 
need for systemic administration of the anesthetics. 


Methods 


General Procedure 


Adult Sprague-Dawley rats (Charles River Laborato- 
ries) weighing 200-300 g were anesthetized with chloral 
hydrate (400 mg/kg). The femoral artery was cannu- 
lated for a continuous recording of blood pressure, 
using a blood pressure monitor 813B (CSP Inc.) and 
a Gould Brush 260 recorder. The animals were placed 
in a sterotactic Instrument in the prone position. The 
dorsal surface of the skull was exposed, and the oc- 
cipital bone was either partially or entirely excised. 
Figure 1 is a schematic of the primary vasomotor and 
cardioactive areas of the medulla. The nucleus tractus 
solitarius (NTS) is a primary relay station for sym- 
pathetic and parasympathetic afferent and efferent 
fibers of the cardiovascular system. Fibers from NTS 
have an inhibitory effect on the hypothalmus and on 
C1 cell bodies. The nucleus tractus solitarius receives 
excitatory signals from fibers of the carotid sinus and 
aortic nerve. C1 cell bodies receive inhibitory input 
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Figure 2. The effect of electrical and chemical stimulation at C1 
and NTS on mean arterial pressure. (A) Response of blood pressure 
to electrical stimulation of Ci cell bodies. (B) Response of blood 
pressure to chemical stimulation of C1 cell bodies. (C) Response 
of blood pressure to electrical stimulation of NTS. (D) Response of 
blood pressure to chemical stimulation of NTS. 


from NTS and A1 cell bodies. Fibers from C1 cell 
bodies send excitatory signals to the intermediolateral 
column (IML) located in the cervical spinal cord (12,13). 
For experiments in the C1 area and the NTS an area 
of the occipital bone 3.0 mm wide and 2.0 mm long 
was excised. For injections at the IML (cervical spinal 
cord), the entire occipital bone was excised. Lead I 
electrocardiogram was continuously recorded using a 
Gould Brush 260 recorder. 

Injections of saline caused no changes in mean ar- 
terial pressure, heart rate, PR interval, or QRS du- 
ration when injected at C1, the IML, or the NTS. In 
addition to positive response to chemical and electri- 
cal stimulation of correct electrode and cannula place- 
ment, anatomical verification of electrode and cannula 
location was required before animals were included 
in their experimental group. A minimum of seven 
animals meeting these criteria was included in each 
set of experiments. 

The effects of local anesthetics on the fibers of the 
NTS and C1 (effects on cell firing rate) were studied 
first using bupivacaine as a model compound. A com- 
parison between equal numbers of molecules of lido- 
caine and bupivacaine was then completed by injec- 
tions at the NTS, C1, and the IML. 


Location of C1 and the NTS 


The stereotactic coordinates of C1 were 12.2-13.0 mm 
caudal with respect to the bregma, 0.7-1.0 mm lateral 
from the midline, and 7.5-8.5 mm deep with respect 
to the brain surface. The nucleus tractus solitarius was 
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Table 1. Cardiovascular Effects of Bupivacaine and Lidocaine Injected at C1* 


Mean arterial pressure 


(mm Hg) 
Bupivacaine (4%, 1.4 uM) ~— 36.6 + 7,4° 
Lidocaine (2%, 1.4 uM) —21.6 + 1.8° 


"Mean change from control + SD. 
eP < 0.001. 


located at 12.8—-13.5 mm caudal, 1.0-1.5 mm lateral, 
and 5.5-6.5 mm deep. The C1 and NTS areas were 
located by stimulation with bipolar pulses, 10 V and 
400 usec, at a frequency of 10 Hz for 10 sec using a 
Pulsar 4bp stimulator (Frederick Haer and Co.). To 
confirm that only nerve cell bodies and not fibers of 
passage were being stimulated, L-glutamate (50 mM 
in 0.9% NaCl, pH 6.9) was injected into the same area. 
For both electrical and L-glutamate stimulations, an 
increase of a minimum of 10 mm Hg in mean arterial 
pressure indicated correct location of C1, while a de- 
crease of at least 10 mm Hg in mean arterial pressure 
indicated correct location of the NTS (Fig. 2). At the 
conclusion of the experiment, 0.6 ul of pontamine 
skyblue were injected thtough the cannula at either 
the C1 area or the NTS. After a midline thoracotomy, 
animals were perfused with 10% formalin via the aorta. 
Brains were then dissected to verify electrode and/or 
cannula placement. 


Experiments at Cl 


After proper cannula and electrode placement in the 
C1 area, either an equal number of molecules of 4% 
bupivacaine (1 pl, 1.4umol), or 2% lidocaine (1.6 pl, 
1.4 pmol) or else 1 pl of saline was injected using a 
. stainless steel 28-gauge hypodermic needle with a mi- 
crosyringe. The effects of 4% bupivacaine (1 pl, 1.4 
pmol) on the C1 cell firing rate in cells from 20 animals 
were measured using a 1 mm glass electrode filled 
with 3 M NaCl (window discriminator WDR-420, Syn- 
tronics Inc.) Arterial pressures and electrocardiogram 
were continuously monitored throughout these ex- 
periments. 


Experiments at IML 


After exposure of the cervical spinal cord, the dura 
mater was excised. A 28-gauge hypodermic needle 
was then placed 1 mm into the spinal cord between 
cervical vertebrae 1 and 2 and either 0.9% saline (1 
pl), 4% bupivacaine (1 pl, 1.4 umol), or 4% lidocaine 
(0.8 ul, 1.4 pmol) was infused into the cord. The ar- 
terial pressure and electrocardiogram were continu- 
ously monitored. 


Heart rate PR interval QRS duration 
(beats/min) (msec) (msec) 
~6.7 + 6.3 9.7 + 8.4 —1.7 + 0.8 

—26.4 + 20.3 0.0 + 0.0 0.0 + 0.0 


Experiments at the NTS 


Experiments at the NTS involved placement of a stain- 
less steel 28 gauge hypodermic needle connected to 
a microsyringe. Four percent bupivacaine (1 ul, 1.4 
pmol), 2% bupivacaine (1 pl, 0.7 pmol), 2% lidocaine 
(1.6 ul, 1.4 uM), or 4% lidocaine (0.8 pl, 1.4 umol), 
or 1 ul normal saline was infused into the NTS. Effects 
of 4% bupivacaine (1 ul, 1.4 umol) on the NTS cell 
firing rate in cells from 20 animals were measured 
using a I-mm glass electrode filled with 3M NaCl 
(window discriminator WDR-420, Syntronics Inc.) Ar- 
terial pressures and electrocardiogram were again 
continuously monitored throughout these experiments. 


Statistical Analysis of the Data 


Within-animal differences in mean arterial pressure, 
heart rate, PR interval, and QRS duration (taken as 
maximum changes from control) were compared us- 
ing a t-test for paired data. Intergroup comparisons 
were made using a one-way analysis of variance fol- 
lowed by the appropriate critical value test for mul- 
tiple comparisons. Data are presented as means + 
SD. A value of P < 0.05 was considered the minimum 
level of statistical significance. 


Results 
Experiments at C1 


The activity of Cl cells in 20 animals was recorded 
during the application of bupivacaine (1.4 umol). Bu- 
pivacaine increased the cell firing rate from 23.7 + 
10.5 to 45.0 + 7.2 Hz (P < 0.01). The cell firing rates 
returned to control values 20 min after injection. 

Application of an equal number of molecules of 
either bupivacaine (1.4 umol) or lidocaine (1.4 pmol) 
resulted in significant decreases in mean arterial pres- 
sure (Table 1). All hemodynamic changes began within 
30 sec of injection. Maximum changes occurred at 2-5 
min and lasted 10-15 min after injection. Hemody- 
namic parameters had returned to control values by 
20 min after injection. Changes in heart rate, PR in- 
terval, and QRS duration were not statistically 
significant. | 
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Table 2. Cardiovascular Effects of Bupivacaine and Lidocaine Injected at the IML’ 


Mean arterial pressure 


(mm Hg) 
Bupivacaine (4%, 1.4 umol) — 43.4 + 10.0° 
Lidocaine (4%, 1.4 pmol) — 13.9 + 5.0° 


"Mean change from control + sp. 
tP < 0.01. 

eP < 0.05. 

ip < 0.025. 


Table 3. Cardiovascular Effects of Bupivacaine and Lidocaine Injected at the NTS” 


Mean arterial pressure 


1986;65:444-50 ` 
Heart rate PR interval ORS duration 
(beats/min) (msec) (msec) 
— 50.3 + 13.8? 1.7 +17 1.1 + 1.0 
25.5 7.7" ~0.5 + 1.2 1.93.2 
Heart rate PR interval ORS duration 
(beats/min) (msec) (msec) 
— 50.6 + 22.0° 11.6 + 5.6 4.5 + 3.4 
— 85.1 + 48.0° 5.6 + 4.2 16.7 + 8.0 
~37.9 + 19.3¢ 9.2 + 6.2 2.0 + 1.9 
-3.2 + 7.8 1.09 + 2.04 5.8 + 3.2 


(mm Hg) 
Bupivacaine (2%, 0.7 umol) = 271. 8.6" 
Bupivacaine (4%, 1.4 mol) — 25.6 + 6.8? 
Lidocaine (2%, 1.4 pmol) ~12.5 + 5.7 
Lidocaine (4%, 1.4 pmol) —8.0 + 3.1” 


“Mean change from control + sp. 
ÈP < 0.025. 
‘P < 0.05. 


Experiments at the IML 


Application of an equal number of molecules of either 
bupivacaine or lidocaine (1.4 mol) significantly de- 
creased both mean arterial pressure and heart rate 
(Table 2). All hemodynamic changes began within 30 
sec of injection. Maximum changes occurred at 2-5 
min and lasted 10-15 min after injection. Hemody- 
namic parameters had returned to control values by 
20 min after injection. No statistically significant 
electrocardiographic changes were noted for either 
bupivacaine or lidocaine. 


Experiments at the NTS 


The activity of NTS cells in 20 animals was recorded 
during the application of bupivacaine (1.4 umol). Bu- 
pivacaine caused a decrease in the cell firing rate from 
38.1 + 10.6 to 17.6 + 7.7 Hz (P < 0.01). The cell firing 
rates returned to control values within 20 min. Ap- 
plication of 1.4 4M of bupivacaine produced signifi- 
cant decreases in both mean arterial pressure and heart 
rate (Table 3). All hemodynamic changes began within 
30 sec of injection. Maximum changes noted at 2-5 
min lasted for 10-15 minutes after injection. Hemo- 
dynamic parameters had returned to control values 
within 20 min after injection. Electrocardiographic 
changes were noted within the first 5 min after in- 
jection. However, arrhythmias developed and wors- 
ened 15-20 min after injection. Prolongation of the 
PR interval and QRS duration were noted in many 
animals, but the increases were not statistically sig- 
nificant. Injection of 0.7 uM of bupivacaine in a vol- 


ume identical to the previous experiments with 1.4 
pmol of bupivacaine produced identical changes. In- 
jection of 2% lidocaine (1.4 umol) resulted in changes 
in mean arterial pressure, heart rate, PR interval, and 
QRS duration statistically similar to those described 
for both bupivacaine treatments, although the mag- 
nitude of the effects tended to be less severe. Injection 
of 1.4 umol of lidocaine in one-half the volume, as 
described in the first series of lidocaine experiments, 
decreased mean arterial pressure, heart rate, and in- 
creases in PR interval and ORS duration. However, 
in this series, only the decrease in mean arterial pres- 
sure was Statistically significant. 


Ventricular Arrhythmias with Local Anesthetics 
Applied at C1, the IML, and the NTS 


Application of an equal number of molecules (1.4 umol) 
of either bupivacaine or lidocaine at the Cl area of 
the medulla resulted in no ventricular arrhythmias. 
Application of an equal number of molecules (1.4 umol) 
of either bupivacaine or lidocaine at the ÎMI. -was as- 
sociated with ventricular arrhythmias in 14.3% of the 
animals in each group. Application of. both 4% bu- 
pivacaine and 4% lidocaine in equimolar amounts (1:4 
pmol) at the NTS produced ventricular arrhythmias 
in 55% of the animals in each group. When 2% bu- 
pivacaine (0.7 umol) was applied to the NTS, ven- 
tricular arrhythmias occurred on 38% of the animals. 
When 2% lidocaine (1.4 umol) was applied to the 
NTS, 36% of the animals developed..ventricular ar- 
rhythmias. Figure 2 A and B chronologically sum- 
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Table 4. Frequency of Ventricular Arrhythmias Produced 
by Injection of Bupivacaine or Lidocaine at C1, the IML, 
or the NTS? 


Bupivacaine Bupivacaine Lidocaine Lidocaine 
(2%, 0.7 (4%, 1.4 (2%, 1.4 (4%, 1.4 
Area pmol) pmol) umol) pmol) 
Cl — 0/8 0/8 — 
IML -— 1/7 — 1/7 


NTS 3/8 6/11 4/11 6/11 


"Frequency; minimum n = 7. 


marizes the development of ventricular arrhythmias 
with 4% bupivacaine (1.4 umol) and 2% lidocaine (1.4 
pmol) placed at the NTS. In all animals in which 2% 
lidocaine, 4% lidocaine, and 2% bupivacaine were used, 
normal sinus rhythm returned within 30 min without 
treatment. When 4% bupivacaine was used, 50% of 
the animals developing ventricular arrhythmias re- 
turned to normal sinus rhythm within 30 min without 
treatment, whereas the ventricular arrhythmias were 
fatal in the other 50%. 

In all cases, the onset of ventricular arrhythmias 
occurred between 5 and 15 min after application of 
either lidocaine or bupivacaine and reached maximum 
severity at 15 min. The frequency of occurrence of 
ventricular arrhythmias after injection of bupivacaine 
or lidocaine at C1, the IML, and the NTS are presented 
in Table 4. 


Discussion 


Chloral hydrate was selected as the anesthetic agent 
used in this study because it produces fewer altera- 
tions in normal CNS function than other commonly 
used anesthetics (14). The seemingly large amounts 
of bupivacaine and lidocaine used in the present study 
represent approximately 20% of the total amount ex- 
pected in the brain of a rat under conditions produc- 
ing cardiovascular system toxicity. This value was es- 
timated using the blood-brain partitioning coefficient 
of 4.5 reported for lidocaine (11), a brain volume of 
1.2 ml for a 250-g Sprague Dawley rat (15), and an 
end-injection arterial blood concentration of 70 ug/ml 
(Denson et al., unpublished results). These amounts 
were chosen for a maximum likelihood that slow dif- 
fusion in the presence of rapid systemic absorption 
would still allow blockage of enough fibers so that 
dromotropic, inotropic, and/or chronotropic effects 
could be detected. Two and four percent solutions 
were chosen so that the selected amounts of drug 
could be introduced in a volume small enough to 
maximize the exposure of only the desired region. 
Results obtained in the Cl area suggest that the 
major action of both lidocaine and bupivacaine is on 


i 
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axons of the nerve cells rather than on cell bodies. If 
the drugs acted primarily on the C1 cell bodies, then 
application of local anesthetic to this region would 
have resulted in a decrease rather than an increase in 
cell firing rate. The observed increase in cell firing rate 
is consistent with the fact that all input to the C1 cell 
bodies is inhibitory in the resting state (Fig. 1). Thus 
blockade of these fibers would remove the inhibitory 
input, resulting in an increase in cell firing rate. The 
return of cell firing rate to control by 20 min after 
injection is consistent with the return of blood pres- 
sure to control values at 20 min after injection. The 
observation of hypotension without bradycardia or 
ventricular arrhythmias supports the hypothesis that 
in the resting state, the C1 region has a tonic excitatory 
influence on the spinal cord neurons that are involved 
in maintenance of arterial blood pressure. A compar- 
ison of equal numbers of bupivacaine and lidocaine 
molecules demonstrated that bupivacaine produced 
a more pronounced decrease in mean arterial pressure. 

This hypothesis is further substantiated by the ex- 
periments at the IML, which resulted in the same 
decrease in mean arterial pressure as did similar ex- 
periments at C1. However, decreases in mean arterial 
pressure when either bupivacaine or lidocaine were 
applied at the IML were accompanied by significant 
decreases in heart rate. These results are in good 
agreement with clinical observations regarding high 
spinal anesthesia and again show a discrimination 
between bupivacaine and lidocaine, bupivacaine 
causing a more profound effect on both mean arterial 
pressure and heart rate. 

Injections at the NTS produced several changes. 
The primary action of both bupivacaine and lidocaine 
at the NTS also appears to be on fibers rather than 
on cell bodies. This hypothesis is supported by the 
fact that local anesthetics resulted in a significant de- 
crease in cell firing rate when applied to the NTS. The 
nucleus tractus solitarius receives only excitatory in- 
put fibers, and thus blockade of these fibers would 
be expected to result in a decrease in cell firing rate 
(Fig. 1). In addition to significant changes in blood 
pressure and heart rate, prolongation of the PR in- 
terval and ORS duration was observed in most ani- 
mals. Bupivacaine appeared to be at least twice as 
potent as lidocaine in producing these changes. The 
nucleus tractus solitarius appears to be the most sen- 
sitive area of the three studied, in terms of chrono- 
tropic and dromotropic effects on the heart. 

At each region, adverse effects on heart rate and 
blood pressure were noted almost immediately. How- 
ever, maximum electrocardiographic effects were noted 
at 15 min. Diffusion coefficients calculated for bupiv- 
acaine and lidocaine are similar and suggest that 16 
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Figure 3. (A) Chronologic sequence of the development of ventricular arrhythmias following placement of 1.4 umol of bupivacaine at 
NTS. (B) Chronologic sequence of the development of ventricular arrhythmias following placement of 1.4 umol of lidocaine at NTS. 


min are required for either drug to diffuse 1 mm? in 
biologic tissue. The time delay in arrhythmia devel- 
opment may be due to slow diffusion, with subse- 
quent block of enough fibers to produce observable 
changes. Such a delay would not be expected after 
systemic administration because a uniform delivery 
of drug to these regions would be achieved by cerebral 
capillary blood flow. 

The incidence of ventricular arrhythmias was sim- 
ilar when either bupivacaine or lidocaine were applied 
to the IML. Both local anesthetics produced arrhyth- 
mias with the same frequency when applied to the 
NTS. Although the incidence of ventricular arrhyth- 
mias was similar for both lidocaine and bupivacaine, 
it is important to understand that the qualitative as- 
pects of the arrhythmias were very different for lido- 
caine and bupivacaine (Fig. 3). This difference is clearly 
illustrated by the fact that all lidocaine-induced ar- 
rhythmias spontaneously resolved, whereas 50% of 
the arrhythmias produced by bupivacaine proved fa- 
tal. No arrhythmias were recorded when either drug 
was applied in the C1 region. A combination of hy- 
potension and bradycardia might possibly precipitate 
the ventricular arrhythmias noted in the present study. 
However, the time course of hypotension and brady- 
cardia do not support this hypothesis because heart 
rate and to a greater extent blood pressure have nearly 
returned to control values by 15 min. These data sug- 
gest that local anesthetics have a direct dromotropic 
effect, particularly when placed at the NTS. 

The observation that all animals that developed 
ventricular arrhythmias after lidocaine application re- 
verted spontaneously to normal sinus rhythm whereas 
approximately 50% of the bupivacaine group did not, 
suggests that the “fast on—slow off” mechanism pro- 
posed by Clarkson and Hondeghem to explain dif- 
ferences in direct myocardial depressant effects of lido- 
_ caine and bupivacaine may also be operative within 


the CNS (8). In addition, lidocaine (and perhaps bu- 
pivacaine) may exhibit differential effects depending 
on the dose. Clearly, dose-response data are required 
to fully understand the present results. 

Now that we have verified our hypothesis that 
chronotropic and dromotropic (and perhaps ino- 
tropic) changes can be produced by high concentra- 
tions of both bupivacaine and lidocaine in various 
medullary regions, the following question arises; can 
such effects occur in clinical practice? Simon et al. 
recently reported that uptake of lidocaine into the 
brain from blood increased by a factor of four during 
a convulsion (11). However, the original hypothesis 
of Simon et al. that the decreases in pH associated 
with convulsions resulted in increased uptake and 
increased intracellular “trapping” of lidocaine, has 
been refuted by Pardridge et al., who demonstrated 
a decrease in uptake of lidocaine by the brain with 
decreases in pH (16). These observations suggest there 
are alterations in the permeability of the blood—brain 
barrier resulting in increased drug extraction during 
convulsions. Other studies by Pardridge et al. dem- 
onstrated that lidocaine transport across the 
blood-brain barrier is independent of a a,-acid gly- 
coprotein concentration (17). Thus lidocaine does not 
obey the free drug hypothesis, which states that only 
free (unbound) drug is available for transport across 
the blood-brain barrier. Because a@,-acid glycoprotein 
is the predominant plasma protein for binding both 
lidocaine and bupivacaine at concentrations <10 ug/ml, 
we are conducting similar studies designed to eluci- 
date the characteristics of movement of bupivacaine 
across the blood-brain barrier (18). The above obser- 
vations suggest that abnormally high brain concen- 
trations could accompany convulsions produced by 
local anesthetics resulting in adverse cardiovascular 
system effects. 

The observations in the present study, which show 
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the same incidence of arrhythmias with bupivacaine 
and lidocaine, could differ from clinical observations 
because the antiarrhythmic effect of lidocaine may 
counteract the CNS arrhythmic effect when lidocaine 
is given systemically. In the clinical setting, the mag- 
nitude of the CNS effects on the cardiovascular sys- 
tem will be governed by the physicochemical prop- 
erties of the drug in question that dictate uptake of 
drugs into the CNS entry and accumulation. Accu- 
mulation of high concentrations of bupivacaine in the 
brain during convulsions could explain the apparently 
simultaneous onset of CNS and CVS toxicity. More- 
over, the site(s) and mechanism(s) of action within 
the CNS appear to be identical for bupivacaine and 
lidocaine. Thus bupivacaine does not appear to be an 
“aberrant” local anesthetic structure as some have 
suggested, but rather produces more profound effects 
related to potency and physicochemical properties. 

In conclusion, our data demonstrate direct appli- 
cation of local anesthetics within the medullary re- 
gions of the CNS can result in hypotension, brady- 
cardia, and ventricular arrhythmias similar to those 
reported in humans after accidental intravenous in- 
jections of both bupivacaine and lidocaine (9,19). The 
fact that profound cardiovascular toxicity is observed 
clinically with bupivacaine but rarely with lidocaine 
argues that differences in physicochemical properties 
and blood-brain barrier transport characteristics do 
not allow sufficiently high concentrations of lidocaine 
to enter the cardioactive areas of the CNS. These data 
strongly suggest that CNS plays a role in mediation 
of the CVS toxicity of local anesthetics and demon- 
strate the need to consider both central nervous sys- 
tem and direct myocardial depressant properties when 
evaluating local anesthetic toxicity. 
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Esmolol Attenuates Hemodynamic Responses during 
Fentanyl—Pancuronium Anesthesia for Aortocoronary 


Bypass Surgery 


Lars R. Newsome, MD, Jonathan V. Roth, Mp, Carl C. Hug Jr, MD, PhD, and 


David Nagle, MMSc 


NEWSOME LR, ROTH JV, HUG CC Jr, NAGLE D. 
Esmolol attenuates hemodynamic responses during 
fentanyl—pancuronium anesthesia for aortocoronary 
bypass surgery. Anesth Analg 1986:65;451-6. 


We evaluated the effects of esmolol, a short acting (ty, B = 
9 min) B-blocker on hemodynamics during noxious stim- 
ulation associated with aortocoronary bypass surgery. Group 
E (n = 10) and P (n = 10) patients had their morning 
dose of B- or calcium bleckers withheld except for nifedipine, 
and were given infusions of esmolol (E) or placebo (P) be- 
ginning prior to anesthetic induction and continuing until 
mediastinal dissection. Group S (n = 10) patients received 
their usual medication the morning of surgery and recetved 
neither esmolol nor placebo, All patients received fentanyl 
infusions for anesthesia and pancuronium for relaxation. 


Fentanyl—oxygen—relaxant anesthesia is widely used 
for patients undergoing cardiac surgery. However, 
cardiovascular responses to noxious stimulation (tra- 
cheal intubation, skin incision, sternotomy) may oc- 
cur in patients with good left ventricular function 
undergoing aortocoronary bypass surgery under fen- 
tanyl—pancuronium anesthesia (1). Such increases in 
myocardial O, demand may place these patients at 
increased risk for the development of myocardial is- 
chemia. Perioperative myocardial ischemia appears to 
be an independent risk factor in the development of 
postoperative myocardial infarction (2). B-Adrenergic 
receptor antagonists have been used successfully to 
attenuate the sympathomimetic responses to anes- 
thetic induction and tracheal intubation (3). Unfor- 
tunately, currently available B-adrenergic receptor an- 
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Esmolol patients had no changes in heart rate throughout 
the study. In contrast, significant increases in heart rate 
occurred during induction, intubation, and surgical stim- 
ulation in Groups P and S. Esmolol patients had a statis- 
tically significant but transient increase in pulmonary cap- 
illary wedge pressure (PCWP) after intubation, which did 
not require treatment. There were no significant changes in 
PCWP in Group S and a decrease in PCWP in Group P 
patients. We conclude that esmolol was effective in atten- 
uating potentially deleterious respcnses to noxious stimu- 
lation during fentanyl—pancuronium anesthesia. 


Key Words: ANESTHESIA, CARDIOVASCULAR. SYM- 
PATHETIC NERVOUS SYSTEM, PHARMACOLOGY 
esmolol. 


tagonists have a long duration of action, which limits 
their flexibility in terms of terminating -blockade if 
side effects should occur (4). 

Esmolol is a new ultra-short-acting (t 8 = 9 min) 
cardioselective B-adrenergic receptor antagonist (5). 
Esmolol has been shown to attenuate sympathomi- 
metic responses to intubation in patients anesthetized 
with diazepam—N,O-pancuronium, with ketamine, 
or with sodium thiopental (6-8). The purpose of this 
study was to determine whether esmolol can safely 
attenuate the cardiovascular responses to anesthetic 
induction, tracheal intubation, and surgical stimula- 
tion in patients anesthetized with fentanyl and 
undergoing elective aortocoronary bypass surgery. 


Methods 


After giving informed consent to the institutionally 
approved protocol, 30 patients with good left ven- 
tricular function (ejection fraction = 0.45) undergoing 
elective aortocoronary bypass surgery were evalu- 
ated. Exclusion criteria included recent myocardial in- 
farction (within 1 month of surgery), digoxin therapy, 
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or a history of asthma. Twenty patients were ran- 
domized to receive infusions of either esmolol (Group 
E) or placebo (Group P). This part of the study was 
double-blinded. In these 20 patients, B-adrenergic re- 
ceptor and calcium entry blockers were withheld the 
morning of surgery, with the exception of nifedipine: 
nifedipine was given because it has less negative 
chronotropic effect than verapamil or diltiazem and 
there was concern by our Human Investigations Com- 
mittee about withdrawing a drug used to treat coro- 
nary artery spasm. A standard therapy group (Group 
5), consisting of ten additional patients, were given 
their usual morning doses of 8- and/or calcium chan- 
nel blockers and received neither esmolol nor placebo. 
All three groups of patients were studied within a 4- 
month period. Premedication consisted of lorezepam, 
0.05 mg/kg orally, and morphine sulfate, 0.1 mg/kg 
intramuscularly, given approximately 90 min prior to 
the induction of anesthesia. ECG leads IJ and V5, and 
radial and pulmonary arterial pressures were moni- 
tored continuously in all patients. Cardiac output was 
measured in triplicate by the thermodilution method. 
Five minutes prior to the induction of anesthesia, Group 
E patients received esmolol (supplied in 10-ml ampuls 
containing esmolol HCI 100 mg/ml in 10% propylene 
glycol USP, 10% alcohol USP, and water for injection 
USP), 500 ug-kg~’smin~* for 2 min, followed by an 
infusion of 200 ug-kg~*smin~', which was continued 
until 5 min after mediastinal dissection. Group P pa- 
tients received comparable volumes of the vehicle un- 
der blinded conditions. 

In all patients, anesthesia consisted of fentanyl, 50 
pg/kg, administered over 20 min, followed by a con- 
tinuous infusion of 0.3 wg-kg~'smin~*. Pancuronium, 
0.1 mg/kg, was given 7 min after the beginning of 
induction to facilitate tracheal intubation. All patients 
were intubated exactly 10 min after the beginning of 
induction, which corresponded to a fentanyl dose of 
25 pg/kg. Increases in mean arterial pressure (MAP) 
greater than 20% of control were treated with enflur- 
ane. Hemodynamic measurements were made prior 
to the esmolol or placebo infusion, designated as con- 
trol (C); 5 min after initiating the esmolol or placebo 
infusion (T,), 1 min prior to intubation (T2), and 2 min 
after each of the following: intubation (T3), skin in- 
cision (T4), sternotomy (Ts), and mediastinal dissec- 
tion (Te). Hemodynamic measurements consisted of 
heart rate, systolic and diastolic blood pressures, MAP, 
cardiac output, pulmonary capillary wedge pressure 
(PCWP), pulmonary arterial systolic and diastolic 
pressures, mean pulmonary artery pressure (MPAP), 
and central venous pressure (CVP). Systemic vascular 
resistance (SVR) was calculated. Data are expressed 
as mean + SEM and were evaluated for statistical sig- 
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Table 1. Demographic Data 
Group $ 
(standard Group E Group P 
therapy; (esmolol; (placebo; 
n = 10) = 10) n = 10) 
Age (yr) 
mean 57 59 54 
range 39-72 47—72 38-67 
Weight (kg) 
mean 72 87 87 
range 43-120 58-112 76—100 
Height (cm) 
mean 171 173 173 
range 150-190 158-195 162-187 
Antianginal therapy 
B-blockers’ 6 7 9 
Calcium channel 
blockers? 
Nifedipine 5 3 5 
Diltiazem 3 1 5 
Verapamil 1 1 0 
Nitrates" 4 7 6 


"Numbers of patients 


nificance by two-way analysis of variance using Tu- 
key’s W-test of multiple comparisons (9). 


Results 


Patients in the three groups had similar demographic 
data (age, weight, height, and preoperative medica- 
tions) (Table 1). There were no significant differences 
between the groups in terms of the numbers of pa- 
tients receiving nitrate therapy, calcium channel 
blockers, or B-adrenergic receptor antagonists. The 
hemodynamic data, both measured and derived at 
the various periods of the study, are shown in Table 
2. Group E patients had no significant change in heart 
rate during induction, intubation, skin incision, ster- 
notomy, or mediastinal dissection (Fig. 1). Group P 
patients had statistically significant increases above 
control levels in heart rate 1 min prior to intubation, 
2 min after intubation, after sternotomy, and after 
mediastinal dissection. Group S patients also had sta- 
tistically significant increases in heart rate before and 
after intubation, and after sternotomy and medias- 
tinal dissection. The differences in heart rate between 
Groups E and P at the T;~T; measurements were also 
statistically significant. 

There were no statistically significant changes in 
MAP, cardiac output, or SVR in any group or between 
groups for any of the measurements (Table 2). A sim- 
ilar number of patients in all three groups required 
enflurane to lower MAP (4 in Group E, 5 in Group 
P, and 6 in Group 5). A transient statistically signi- 
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Table 2. Hemodynamic Data 
Ç T1 T2 T3 T4 T5 T6 
Heart rate (beats/min) 
Group E 69.4 + 4.2 614+3.1 67.8 +30 709433" 64624 1.9% 66.4 + 2.4? 67.2 + 2.3° 
Group P 72.5 +44.3 676445 874229 91.2 + 4.37 80.1 + 3.5 86.1 + 4.67 89.7 + 4.27 
Group $ 65.7 + 3.7 —- 7445.0 79.0 + 6.6f 68.2+43 75.0 +56 79.8 + 5.14 
Mean arterial pressure (mm Hg) 
Group E 92.9438 J245 88.3 £352 SLEI 96.6 + 7.3 97.3469 912 +48 
Group P 96.8 + 4.9 97.5 +51 88.9 + 3.8 98.2 + 4.9 94.8 + 4.9 990 +49 89.2 + 4.4 
Group $ 83.8 + 3.3 — 86.4 + 4.1 93.1 + 5.1 87.7 +40 924 +47 95.0 + 53 
Cardiac output (L/min) 
Group E 6.21 + 0.77 5.50 + 0.66 — 5.83 + 0.54 5.18 + 0.46 5.70 + 0.56 5.61 + 0.59 
Group P 5.76 + 0.28 5.45 + 0.41 — 6.53 + 0.35 5.37 + 0.32 5.85 + 0.19 5.92 + 0.43 
Group S 5.22 0.55 — — 5.95 + 0.75 5.34 + 0.55 5.51 + 0.56 5.6 + 0.50 
Pulmonary capillary wedge pressure (mm Hg) 
Group E 11.2 + 0.6 124+ 1.0 — DOELE APB DEELS. 27E 
Group P 13.1+41.0 12.8 + 0.7 ~— 11.7 + 0.6 9.6 + 0.5¢ 962+ 1.0° 9.4 + 0.74 
Group S 13.2 + 1.4 — — 14.5 + 1.4 M77 15.4-2-1,6% 1552 LF 
Systemic vascular resistance (dynes-sec™ cm" >*) 
Group E 1110 + 128 1233 + 148 — 1216 + 181 1375 + 187 1289 + 135 1223 + 130 
Group P 1223 + 86 1330 + 69 -— 1114 + 109 1308 + 105 1303 + 85 1250 + 114 
Group S 1287 + 163 — — 1336 + 233 1309 + 192 1382 + 218 1234 + 95 


Abbreviations: C, control measurements; T1, 5 min after initiating esmolol or placebo infusion; T2, one min prior to intubation; T3, 2 min after intubation; 
T4, 2 min after skin incision; T5, 2 min after sternotomy; T6, 2 min after mediastinal dissection; Group E, esmolol; Group P, placebo; Group S, standard 


therapy. 
aP = 0.05 vs Group P 
HP = 0.01 vs Group P 
‘P = 0.05 vs control 
ap = 0,01 vs control 


ficant increase in PCWP after intubation in Group E 
patients occurred, but it was not accompanied by ECG 
changes and did not require treatment (Fig. 2). A 
slight, statistically insignificant increase in PCWP also 
occurred at intubation in Group S patients. Group P 
patients had no significant changes in PCWP at in- 
tubation, but they did have a statistically significant 
decrease in PCWP at skin incision, sternotomy, and 
mediastinal dissection. Pulmonary capillary wedge 
pressure was significantly higher in Group E than 
Group P at all times, from T3-T,. Similarly, PCWP 
was significantly higher in Group S than in Group P 
at Ta-Tg. 

Three patients in Group S developed ischemic ECG 
changes prior to cardiopulmonary bypass. In one pa- 
tient the ECG changes occurred after intubation and 
were associated with an increase in heart rate from 
75 to 98 beats/min. In another patient the ECG changes 
occurred after sternotomy and were associated with 
an increase of heart rate from 80 to 102 beats/min. 
Both of these patients were treated with intravenous 
nitroglycerin and propranolol. The third patient de- 
veloped ECG changes during mediastinal dissection 
without any associated increase in heart rate or MAP 
and was treated with intravenous nitroglycerin and 
rapid institution of cardiopulmonary bypass. Nine of 
these patients developed perioperative myocardial in- 


farctions. No ischemic ECG changes occurred in Group 
P or Group E patients. 


Discussion 


The purpose of our study was to determine whether 
esmolol could attenuate sympathomimetic responses 
to anesthetic induction, tracheal intubation, and sur- 
gical stimulation during fentanyl—-oxygen—pancuro- 
nium anesthesia. Esmolol had been previously shown 
to attenuate sympathomimetic responses to intuba- 
tion in patients lightly anesthetized by a variety of 
techniques. In one study, anesthesia consisted of only 
diazepam, 0.5 mg/kg, and 50% (N2O) in combination 
with pancuronium (6). In another study, anesthesia 
was induced with ketamine, a known sympathomi- 
metic drug (7,10). In both studies similar increases in 
serum catecholamine concentrations occurred after 
intubation in both the esmolol and control groups; 
however, only the placebo group had increases in 
heart rate. In the former study, the increases in heart 
rate were associated with significant increases in plasma 
norepinephrine levels in the control group but not in 
the esmolol group. This result indicates that esmolol 
works at the receptor (8) level in maintaining stable 
hemodynamics. We chose fentanyl and pancuronium 
for the present study because they are widely used 
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Figure 1. Heart rate after anesthetic induction, tracheal intubation 
and surgical stimulation. Abbreviations: C, control measurements; 
Ti, 5 min after initiating esmolol or placebo infusion; T2, 1 min 
prior to intubation; Ta, 2 min after intubation; T,, 2 min after skin 
incision; Ts, 2 min after sternotomy; Ts, 2 min after mediastinal 
dissection. 


for anesthesia in patients undergoing aortocoronary 
bypass surgery. 

There were no significant changes in heart rate 5 
min after beginning the esmolol infusion (T,), which 
can probably be explained by the slow control heart 
rate of these patients (mean, 69 beats/min). This slow 
heart rate may have been due to residual B-blockade 
despite discontinuation of therapy the night before 
surgery. Girard et al. also failed to see a significant 
decrease in heart rate when esmolol was added to 
high-dose fentanyl anesthesia in the absence of nox- 
ious stimulation (anesthetic or surgical) in patients 
undergoing aortocoronary bypass surgery (11). Their 
patients also had a slow heart rate initially (60 beats/min) 
despite discontinuation of oral B-blockers for at least 
8 hr prior to the study. In contrast, Menkhaus et al. 
found that heart rate prior to intubation had no effect 
on subsequent heart rate responses (6). These inves- 
tigators began their esmolol infusions after diazepam, 
N,O, and pancuronium, 0.1 mg/kg, had been admin- 
istered. Gold et al., on the other hand, found a de- 
crease in heart rate from 80 to 70 beats/min 4 min after 
esmolol, 300 wg-kg~%min~1, in the absence of stim- 
ulation (7). The authors do not mention preoperative 
medications (f-blockers?) or the type of surgery in 
their report. Korenaga et al. excluded patients on £- 
blocker therapy from their study and reported a slight 
and statistically insignificant decrease in heart rate 
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Figure 2. Pulmonary capillary wedge pressure associated with an- 
esthetic induction, tracheal intubation, and surgical stimulation. 
Abbreviations as in Figure 1. 


from 83 to 70 beats/min during infusion of esmolol 
500 wg-kg~'-min~? prior to anesthetic induction (8). 

Similar to other investigators using various anes- 
thetic techniques, we found that esmolol attenuated 
the heart rate responses to intubation. The increases 
in heart rate in our placebo and standard therapy 
groups 1 min prior to intubation were most likely a 
result of the pancuronium given to facilitate tracheal 
intubation. Pancuronium is commonly used with high- 
dose fentanyl anesthesia to counteract the vagally 
mediated bradycardia caused by fentanyl. However, 
significant increases in heart rate accompanied by is- 
chemic ECG changes may occur with this technique 
(12). Such increases in heart rate were prevented by 
esmolol in our study and attenuated in the high-dose 
esmolol group in the study by Menkhaus et al. in 
which anesthesia was induced with diazepam—N,O 
followed by pancuronium prior to administration of 
esmolol (6). 

Thompson et al. reported that fentanyl—pancu- 
ronium anesthesia was associated with significantly 
greater heart rate responses (mean + SD, 76 + 24 
beats/min) than fentanyl-metocurine (56 + 8 beats/min) 
or fentanyl—metocurine—pancuronium anesthesia 
(57 + 8 beats/min) (12). Three of the 12 patients in 
the fentanyl—pancuronium group had ischemic ECG 
changes associated with the increased heart rate. There 
were no ischemic ECG changes in the fen- 
tanyl_-metocurine or fentanyl—-metocuirine—pancu- 
ronium group. The results of that study have caused 
some investigators to conclude that a heart rate above ` 
70 beats/min is undesirable in patients at risk of myo- 
cardial ischemia‘(13). We did not observe any ischemic 
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ECG changes in our Group P or Group E patients 
during anesthesia despite mean heart rates up to 91 
beats/min. All of the ischemic episodes occurred in 
our Group 5 patients despite the fact that their mean 
heart rate was lower than those of Group P patients 
at all times. 

Heart rates continued to rise in our placebo and 
standard therapy groups at intubation. Although heart 
rates returned to control values by the time of skin 
incision, they increased again in both groups with 
sternotomy and with mediastinal dissection. It is im- 
portant to note that several minutes elapsed between 
endotracheal intubation and skin incision in these pa- 
tients, during which time the Foley catheter was in- 
serted and the patient was prepared and positioned 
for surgery. 

There were no statistically significant changes in 
MAP in any group at any of the measurements in the 
present study. Unlike other studies in which signi- 
ficant increases in MAP occurred in control patients 
at intubation (6-8), our control patients (Groups P 
and S) had no significant increases in MAP during 
intubation. This finding may be a reflection of the 
deeper level of anesthesia maintained in our study by 
the continuous infusion of fentanyl. 

The increase in PCWP seen in our esmolol patients 
2 min after intubation deserves comment. Increases 
in PCWP, presumably due to regional myocardial 
dysfunction, have been reported to be an earlier in- 
dicator of myocardial ischemia than ECG changes (14). 
However, patients in our study who developed in- 
creased PCWP did not have any associated ischemic 
ECG changes, nor did they have any other indicators 
of increased myocardial oxygen demand, i.e., in- 
creases in heart rate or MAP. The transient increase 
in PCWP seen in our patients might have represented 
mild myocardial depression caused by esmolol, which 
has been previously reported when esmolol was added 
to fentanyl anesthesia (11). It should be pointed out 
that the Group E patients by chance had a lower con- 
trol PCWP than Group P or S patients. Although the 
increase in PCWP in Group E patients averaged only 
4mm Hg, it would not have been as dramatic had 
the control PCWP been identical to Group S or Group 
P. It was also interesting to note in this study that the 
other group receiving B-blockers on the morning of 
surgery (i.e., Group S) also had an increase in PCWP 
at intubation, although this was not statistically 
significant. 

Although we did not perform a pharmacokinetic 
analysis of esmolol in our study, the pharmacokinet- 
ics of esmolol have been evaluated in awake and anes- 
thetized patients (6,11,15). Sum et al. evaluated the 
pharmacokinetics of esmolol in eight male volunteers 
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(15). They reported distribution and B-elimination half- 
lives of 2.03 and 9.19 min respectively. The clearance 
of esmolol averaged 285 ml-kg~’.min~?, which is 
roughly 14 times hepatic blood flow and four times 
normal cardiac output, suggesting nonhepatic routes 
of elimination (i.e., ester hydrolysis in plasma). 

The ability of esmolol to attenuate hemodynamic 
responses to noxious stimulation should not be sur- 
prising when one considers previous reports of other 
B-adrenergic receptor antagonists used for this pur- 
pose. Prys-Roberts et al. reported that oral or intra- 
venous practolol was effective in attenuating heart 
rate and blood pressure responses to tracheal intu- 
bation in patients anesthetized with thiopental or al- 
thesin (16). Kopriva et al. reported that patients reg- 
ularly taking oral propranolol showed a significant 
attentuation of heart rate but not blood pressure re- 
sponses to intubation (17). Still et al. recently corre- 
lated plasma propranolol levels in patients regularly 
taking propranolol to hemodynamic responses to 
stressful events (intubation, sternotomy, skin inci- 
sion, sternal retraction) during aortocoronary bypass 
surgery (18). They reported an inverse correlation be- 
tween log serum propranolol levels and magnitude 
of heart rate, MAP, PCWP, and cardiac index (CI) 
responses to stressful stimulation in patients anes- 
thetized with morphine—diazepam—pancuronium— 
halothane. As predicted by Sills et al., our patients 
who were maintained on their cardiac drugs (Group 
S) had heart rate responses that were in between the 
placebo and esmolol groups. 

In summary, we have shown that esmolol was ef- 
fective in attentuating hemodynamic responses to 
noxious: stimulation during coronary artery surgery 
performed under fentanyl-oxygen—pancuronium 
anesthesia. The unique pharmacokinetic properties of 
esmolol may increase the ease and safety of producing 
B-adrenergic receptor blockade during aortocoronary 
bypass surgery where rapid modifications of the in- 
tensity of pharmacologic effect may be needed to match 
changing sympathetic and hemodynamic conditions. 
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Intracellular Mechanism of Action of Isoflurane and Halothane on 


Striated Muscle of the Rabbit 
Judy Y. Su, PhD, and Janet G. Bell, Bs 


SU JY, BELL JG. Intracellular mechanism of action of 
isoflurane and halothane on striated muscle of the rabbit. 
Anesth Analg 1986;65:457-62. 


Studies were conducted on the effects of isoflurane and halo- 
thane on intracellular mechanisms of striated muscle con- 
traction: Ca?* activation of the contractile proteins and 
Ca?* uptake and release from the sarcoplasmic reticulum. 
Functionally skinned muscle fibers (sarcolemma disrupted 
by homogenization) from isolated papillary muscle (PM), 
soleus (SL) (slow-twitch skeletal muscle), and adductor 
magnus (AM) (fast-twitch skeletal muscle) of rabbits were 
mounted on a photodiode tension transducer. They were 
immersed in control solution (saturated with Na), then in 
test solution (saturated with anesthetic~N. mixture), and 
in control solution again. The following two studies were 
carried out: 1) in the study of Ca?*-activated tension de- 
velopment of tne contractile proteins, free Ca** concentra- 
tion in the bathing solution was controlled by the use of a 
high EGTA (7 mM), and 2) in the study of Ca?* uptake 
and release from the sarcoplasmic reticulum (SR), Ca?* was 
loaded into the SR and released with caffeine and the re- 
sulting tension transients were measured. Isoflurane (1- 
4%) decreased (6-9%) the maximal Ca?*-activated tension 
development in PM and SL but more in PM than in SL. 
In AM, however, isoflurane and halothane (1-3%) produced 


Halothane, enflurane, and isoflurane are halogenated 
inhalation anesthetics with direct negative inotropic 
effects (1,2). The mechanism of action of halothane 
and enflurane has been shown to be related mainly 
to inhibition of Ca?* uptake by the sarcoplasmic re- 
ticulum (3,4) and partly to inhibition of Ca** activa- 
tion of the contractile proteins (4,5,6), possibly by 
decreasing the Ca?* current through the sarcolemma 
(7,8). The decreased Ca?* uptake by the SR is at least 
partly due to increased Ca?* release from the SR (3,4). 
As in cardiac muscle, in soleus (slow-twitch skeletal) 
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no change. Isoflurane decreased submaximal Ca**-activated 
tension development in PM, but effected no change in it in 
SL. Isoflurane and halothane increased the tension devel- 
opment in AM to the extent of producing a shift to the left 
in the pCa-tension curves of 0.1 pCa unit. Isoflurane 
decreased by 16% Ca** uptake by the SR in PM at 3% 
concentration, increased uptake 110-143% in SL at 1-3%, 
and increased by 72—121% and 15-73% Ca?* release from 
the SR in SL and AM, respectively. With submaximal caf- 
feine concentration at 2 mM, isoflurane (4% only) increased 
by 21% Ca?* release from the sarcoplasmic reticulum in 
PM. Halothane (1-3%) decreased by 19-37% Ca?* uptake 
ana increased by 38-75% Ca** release from the SR in 
skinned fibers of AM. We conclude that isoflurane and halo- 
thane have similar intracellular mechanisms of action in 
striated muscle. Isoflurane-induced decreases in submaxi- 
mai and maximal Ca**-activated tension development and 
in Ca** uptake by the sarcoplasmic reticulum in PM could 
partially contribute to decreased myocardial contractility. 
The increases in Ca** release from the SR produced by 
isoflurane and halothane in SL and AM could contribute to 
increased muscle contraction. 


Key Words: ANESTHETICS, voLaTitE—halothane, 
isoflurane. MUSCLE, SKELETAL—contractility. IONS— 
calcium. 


muscle halothane also increases Ca** release from the 
SR in skinned fibers (9), which could contribute to 
increased twitch tension (10). The similarity in intra- 
cellular mechanisms of action between halothane and 
enflurane on cardiac muscle led us to hypothesize that 
isoflurane may have similar mechanisms of action on 
contractile proteins and sarcoplasmic reticulum of car- 
diac muscle. To test this hypothesis, we studied the 
effects of isoflurane on functionally skinned myo- 
cardial and skeletal fibers. We also studied the effects 
of halothane on fast-twitch skeletal muscle to deter- 
mine whether similar mechanisms of action obtain. 


Methods 


Functionally Skinned Fiber Preparation 


The functionally skinned fiber preparation, described 
by Kerrick and Krasner using skeletal muscle (11), has 
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been used extensively in our laboratory in studies on 
pharmacologic agents (3-5,9). Right ventricular pap- 
illary muscle (PM) and soleus (SL, slow-twitch) and 
adductor magnus (AM, fast-twitch) skeletal muscles 
were isolated from New Zealand male white rabbits 
(2-2.5 kg) killed by cervical dislocation. Pieces of the 
muscle were homogenized (sarcolemma disrupted) in 
relaxing solution (no added calcium and 7 mM EGTA). 
Single fibers from the skeletal muscles and a fiber 
bundle (approximately 20-30 wm thick, 100 um wide, 
and 1 mm long) from the papillary muscle were dis- 
sected from the homogenate under a Zeiss stereo mi- 
croscope and mounted on two pairs of forceps. One 
end was fixed and the other was attached to a pho- 
todiode tension transducer, as described by Hellman 
and Podolsky (12). The resting tension of the prep- 
aration was adjusted with a micrometer until the con- 
cavity disappeared (about 2.2 wm of sarcomere length) 


(13). 


Bathing Solution 


The ionic composition of the bathing solution was 
derived from a computer program calculated from the 
binding constants of the ions used (14). The bathing 
solution contained [K* + Na*], 70 mM; MgATP?*, 
2 mM; Mg**, 0.1 or 1mM; creatine phosphate, 2 mM; 
[EGTA] total 0.05-7 mM (described below); free [Ca**], 
expressed as pCa = —log [Ca?*] (M), greater than 
8, or 7-3.8 (depending on the study described below); 
methanesulfonate or propionate (major anion); im- 
idazole, 70-80 mM; pH of 7.00 + 0.02; and ionic 
strength of 0.15 at 23 + 2°C. The solution was made 
with distilled, deionized water. Total calcium concen- 
tration in each solution was assayed by an atomic 
absorption spectrophotometer (Hitachi 180-70, Zea- 
man Effect). 

Control solutions were saturated with 100% N- and 
test solutions with anesthetic-N». mixture. Halothane 
and isoflurane concentrations in the test solutions were 
assayed by gas chromatograph (15) and expressed as 
partial pressure in percent of one atmosphere. 


Ca**-Activated Tension Development of the 
Contractile Proteins 


The free calcium concentration in the bathing solution 
was controlled with high EGTA (7 mM), a calcium 
buffer; thus the small amount of calcium uptake or 
release from the SR would not interfere with the ten- 
sion development. 

The preparation was activated with one of the sub- 
maximal Ca?* concentrations (pCa from 6.0 to 5.0) 
followed by a maximal Ca** concentration (pCa 3.8) 
and relaxed between contractions with relaxing so- 


SU AND BELL 


kK C =e T mk 


fIeriy wae 


eae 
5.6 3.8 5.6 3.8 5.6 3.8 
l Pum E TE i 


-togfCa?*] 


(M) 52 38 5.2 3.8 5.2 3.8 


3» 


tomal 
2min 


Figure 1. Tracings showing the effects of 3% isoflurane (A and B) 
and 2% halothane (C) on Ca?*-activated tension development of 
the contractile proteins in papillary muscle (A), soleus (B} and 
adductor magnus (C). Top: C, control; T, test (isoflurane or 
halothane). 


lution (pCa > 8). The experimental protocol consisted 
of immersing the fiber preparation in control solution, 
then in test solution, and then in control solution 
again (Fig. 1). The height of Ca?*-activated tension 
development from base line to steady state was cal- 
culated as a percentage of maximal Ca?*-activated 
tension development. The test result was compared 
with that of the mean of two bracketing controls (be- 
fore and after the test) by Student's t-test for paired 
data (16). P < 0.05 was regarded as statistically 
significant. 


Ca?* Uptake and Release from the Sarcoplasmic 


Reticulum with a Caffeine-Induced Tension 
Transient 


The method of studying Ca?* uptake or release from 
the SR has been described previously (3). Ca?* was 
loaded into the SR and released with 25 mM caffeine 
with five different solutions. The preparation was im- 
mersed sequentially in the following solutions (with 
changed chemical composition in parentheses): so- 
lution 1 (25 mM caffeine, 7 mM EGTA, no added 
Ca**), to empty the Ca?* from the SR; solution 2 (7 | 
mM EGTA, no added Ca?*), to wash away caffeine 
in the fibers; solution 3 (pCa 6.5, 7 mM EGTA), to 
rapidly load the Ca** into the SR; solution 4 (pCa 7.0 
for PM and SL, pCa 6.5 for AM, 0.05 mM EGTA), to 
wash away the EGTA in the fibers; and solution 5 
(pCa 7.0 for PM and SL, pCa 6.5 for AM, 0.05 mM 
EGTA, 25 mM caffeine), to release Ca** from the SR 
and produced in a tension transient (Fig. 2). The fiber 
preparation was immersed in each solution for 2 min 
except in solution 3 in which it was immersed for 3 
min. 
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123 4 


Figure 2. Typical tracing showing caf- 
feine-induced tension transient. 1—5 are 
solution artifacts, and the compositions 
of the five solutions are described under 
Methods. The area of the tension tran- 
sient is shown with dots. 
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Table 1. Effects of Isoflurane and Halothane on the Maximal Ca?*-Activated Tension Development (pCa 3.8) 


Anesthetic Papillary muscle’ 


Isoflurane (percent) 
92 + 1.1 (11) 


2 93 + 0.6 (16)? 

3 93 + 0.8 (19) 

4 91 + 1.4 (20)? 
Halothane (percent) 

1 oa 

2 = 

3 — 


Soleus’ Adductor magnus’ 


100 + 2.0 (13) 98 + 1.9 (12) 
95 + 2.1 (12) 98 + 1.6 (12) 
94 + 1.1 (13) 100 + 2.2 (18) 


= 100 + 1.8 (12) 
ee 98 + 1.5 (12) 
= 104 + 3.1 (10) 





"The values are percent of control expressed as mean + SEM (n). 
bP < 0.05 compared with control by Student's t-test for paired data. 


The effect of the anesthetic-N, mixture was studied 
under three conditions: 1) the “uptake” phase, con- 
sisting of immersions in solutions 3 and 4, 2) the “re- 
lease” phase of immersion in solution 5, and 3) the 
“uptake-and-release” phase, of immersions in solu- 
tions 3 through 5. The fiber preparation was prein- 
cubated in solution 2 for conditions 1 and 3. The ex- 
perimental protocol consisted of immersing the 
preparation in control solution (saturated with 100% 
N2), then in test solution (saturated with anesthetic- 
N- mixture under one of the above conditions), and 
then in control solution again. The area of tension 
transient was analyzed as an estimate of the amount 
of Ca?* release from the SR (17). The test result was 
compared with the mean of two control results by 
Student's t-test for paired data. P < 0.05 was regarded 
as statistically significant. 


Results 


Effects of Isoflurane and Halothane on Ca?*- 
Activated Tension Development 

of the Contractile Proteins 

Isoflurane (1—-4%) slightly but significantly decreased 


(7~-9%) the maximal Ca**t-activated tension devel- 
opment of the contractile proteins in PM and SL, but 


did not significantly change it in adductor magnus 
(Table 1). 

Both isoflurane and halothane (1-3%) affected the 
submaximal Ca**-activated tension development of 
the contractile proteins differently in these three mus- 
cle types: they slightly decreased it in PM, produced 
no change in it in SL, and increased it in AM (Figs. 
3, 4, 5, 9). Thus [Ca?*]-tension curves were shifted 
to the right in PM and to the left in AM. At 3% iso- 
flurane or halothane, an approximate shift of =0.1 
pCa units at half-maximal Ca**-activated tension de- 
velopment was observed. 


Effects of Isoflurane and Halothane on Caffeine- 
Induced Tension Transient Due to Ca** Uptake or 
Release from the Sarcoplasmic Reticulum 


Isoflurane decreased Ca** uptake 15 and 25% in PM 
at 3 and 4% concentrations, respectively (Fig. 6); in- 
creased 110, 100, and 143% in SL at 1, 2, and 3% 
concentrations, respectively; and did not change it in 
AM (Fig. 7). Isoflurane (1, 2, and 3%) increased Ca?** 
release from the SR in SL (72, 112, and 121%, re- 
spectively) and in AM (15, 39, and 73%, respectively) 
(Fig. 7) but did not significantly change it in PM (Fig. 
6). At 4% concentration, however, isoflurane in- 
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Figure 3. Effects of isoflurane (2, 3, and 4%) on the [Ca?* ]-tension 
relationship (normalized to 100% as maximal tension for both con- 
trol and isoflurane) of skinned papillary muscle fibers. Each point 
represents the mean of at least six preparations from at least three 
rabbits. *P < 0.05 compared with control by Student’s t-test for 
paired data. 
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Figure 4. Effects of isoflurane (1, 2, and 3%) on the [Ca?*]-tension 
relationship (normalized to 100% as maximal tension for both con- 
trol and isoflurane) of skinned fibers from soleus. Each point rep- 
resents the mean of at least five preparations from at least three 
rabbits. *P < 0.05 compared with control by Student's t-test for 
paired data. 


creased by 21% Ca** release from the sarcoplasmic 
reticulum with caffeine at 2 mM (Fig. 6). The total 
effect of isoflurane on Ca** uptake and release was 
a decrease in PM (Fig. 6) and an increase in AM and 
SL as predicted (data not shown). 

In AM, halothane at 1, 2, and 3% decreased the 
Ca?* uptake by 19, 35, and 37%, respectively, and 
increased the Ca?* release by 38, 66, and 75%, re- 
spectively. Halothane increased the combined Ca** 
uptake and release from the sarcoplasmic reticulum 
by 31% at 3% concentration (Fig. 8). 
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Figure 5. Effects of isoflurane (1, 2, and 3%) on the [Ca**]-tension 
relationship (normalized to 100% as maximal tension for both con- 
trol and isoflurane) of skinned fibers from adductor magnus. Each 
point represents the mean of at least five preparations from at least 
three rabbits. *P < 0.05 compared with control by Student's t-test 
for paired data. 
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Figure 6. Dose-response relationship of isoflurane on caffeine- 
induced (25 mM or 2 mM) tension transient of skinned papillary 
muscle fibers. Each point represents mean + SEM, and n = 6. *P 
< 0.05 compared with control by Student’s t-test for paired data. 


Discussion 


This study shows that isoflurane has similar intra- 
cellular mechanisms of action to halothane (3,5,9) and 
enflurane (4) on striated muscles but is not as potent. 
The decreases in maximal and submaximal Ca?* -ac- 
tivated tension development of the contractile pro- 
teins and in Ca?* uptake by the SR produced by iso- 
flurane in skinned fibers of PM could be responsible 
in part for the isoflurane-induced decreases in myo- 
cardial contractility observed by others in isolated in- 
tact muscle preparations (2,18). The marked discrep- 
ancy between skinned myocardial fibers (Table 1, Figs. 
3,6) and isolated intact preparations (2,18) in the de- 
gree of depression by isoflurane, in contrast to that 
by halothane (3) or enflurane (4), could be due to a 
greater frequency-dependent effect (18). At the phys- 
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Figure 7. Dose-response relationship of isoflurane on caffeine- 
induced tension transient of skinned fibers from soleus and ad- 
ductor magnus. Each point represents mean + SEM and n = 6 for 
all. *P < 0.05 compared with control by Student's t-test for paired 
data. 


iologic frequency of stimulation (>1 Hz), isoflurane 
causes much less depression of the peak development 
tension of isolated intact PM from guinea pigs (18) 
than at low frequencies. Whether isoflurane has a 
frequency-dependent effect on contractility of isolated 
PM from rabbits is not clear. 

From the increased submaximal Ca?*-activated 
tension development of the contractile proteins in AM 
caused by isoflurane (Fig. 5) and halothane (Fig. 9) 
and the increased Ca?* release from the sarcoplasmic 
reticulum in SL (Fig. 7) and in AM (Figs. 7,8) produced 
by them, we can deduce similar effects on skeletal 
muscle, leading to increased muscle contraction. We 
now have evidence of the latter effect for halothane 
(10) but none as vet for isoflurane. 

Our observations on isoflurane-induced decreases 
in Ca** uptake by the SR in cardiac muscle and iso- 
flurane- and halothane-induced increases in Ca?* re- 
lease from the SR in skeletal muscle are consistent 
with our hypothesis (3,9) that the amount of Ca** in 
the SR of cardiac muscle and the amount of Ca** 
release from the SR of skeletal muscle are determining 
factors in contraction and account for the differences 
in mechanism of contraction between them. 

The decreased maximal Ca** -activated tension de- 
velopment in skinned fibers of PM and SL produced 
by isoflurane would decrease either the number and/ 
or the strength of cross-bridges interaction. We would 
expect a decrease in myosin ATPase activity, although 
no information is available on this aspect. The de- 
creased (Fig. 3) and increased (Figs. 5,9) submaximal 
Ca?*-activated tension developments in skinned fi- 
bers of PM or AM, respectively, could be due to de- 
creases and increases in Ca?* binding to the regula- 
tory protein (troponin C), respectively. No study has 
been done in this regard. 

The decreased Ca** uptake by the SR in skinned 
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Figure 8. Dose-response relationship of halothane under three 
conditions on caffeine-induced tension transient in skinned fibers 
of adductor magnus. Each data point represents mean + SEM (7). 
*P < 0.05 compared with control by Student's t-test for paired data. 


myocardial fibers caused by isoflurane may be caused 
by decreases in active transport of Ca?* into the sar- 
coplasmic reticulum associated with decreased AT- 
Pase activity, increases in Ca** release. from the SR 
produced by increasing sarcoplasmic reticulum mem- 
brane permeability to Ca** leading to reduction of 
Ca** accumulation in the SR; or both, as shown with 
halothane (3,9). In contrast, Blanck and Thompson 
(19,20) reported an increase in Ca?* uptake from iso- 
flurane in isolated cardiac sarcoplasmic reticulum. 
Whether this increase was coupled with an increase 
in SR~ATPase activity was not reported. This dis- 
crepancy between our results and those of Blanck and 
Thompson (19,20) could be due to differences in ex- 
perimental conditions, animal species, or type of sar- 
coplasmic reticulum studied. The caffeine-induced 
Ca’** release from the SR of skinned fibers is mainly 
from terminal cisternae (observed with electron probe 
microanalysis) (Su and Johnson, unpublished data), 
whereas in isolated sarcoplasmic reticulum used by 
Blanck and Thompson (19,20) it is mostly from lon- 
gitudinal fraction. These different Ca** storage sites 
may respond differently to the anesthetic. This spec- 
ulation remains to be tested. 

The increased Ca** uptake by the SR in skinned 
fibers of SL produced by isoflurane (Fig. 7) has also 
been observed with halothane (9). It could be due to 
increased active transport of Ca** associated with SR- 
ATPase activity or to sustained increased sarco- 
plasmic reticulum membrane permeability to Ca**, 
as shown by increased Ca’* release (Figs. 7,8). How- 
ever, no information is available. In contrast, halo- 
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Figure 9. Effects of halothane (1,2, and 3%) on the [Ca?* ]-tension 
relationship (normalized to 100% as maximal tension at pCa 3.8 for 
both control and halothane) of skinned fibers from adductor mag- 
nus. Each data point represents the mean of at least five prepa- 
rations from at least three rabbits. *P < 0.05 compared with control 
by Student's t-test for paired data. 


thane decreased (Fig. 8), and isoflurane did not change 
(Fig. 7), the Ca?* uptake in skinned fibers of adductor 
-magnus. Whether this effect is due to decreased Ca? + 
pump activity associated with ATPase activity or to 
increased Ca** release (Figs. 7,8) remains to be tested. 

In summary, isoflurane decreased the [Ca**]-ten- 
sion relationship of skinned fibers from PM, but did 
not change that from SL, and isoflurane as well as 
halothane increased that from AM. Isoflurane de- 
creased Ca** uptake by the SR in skinned fibers of 
PM and increased Ca** release from the SR with sub- 
maximal caffeine-induced tension transient. Isoflur- 
ane as well as halothane increased Ca** release from 
the sarcoplasmic reticulum in skinned fibers of SL and 
AM. Ca?* uptake by the SR was increased by iso- 
flurane in SL, but decreased by halothane in AM. We 
conclude that isoflurane induces decreases in Ca**t 
uptake by the SR and in Ca?* activation of the con- 
tractile proteins and that these effects could be partly 
responsible for its negative inotropic action. Isoflur- 
ane or halothane increases Ca?* activation of the con- 
tractile proteins and Ca’** release from the sarco- 
plasmic reticulum of SL and AM, and these effects 
could result in increased skeletal muscle contraction. 


We thank Ohio Medical Products for supplying isoflurane and 
Ayerst Co. for supplying halothane. 
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Interaction of Halothane and Verapamil in Isolated 


Papillary Muscle 
Robert A. Caplan, MD, and Judy Y. Su, PhD 


CAPLAN RA, SU JY. Interaction of halothane and 
verapamil in isolated papillary muscle. 1986;65:463-8. 


The combined depressant effects of verapamil and halothane 
on myocardial contractility were studied using isolated pap- 
illary muscle from the rabbit. Verapamil alone (0.5 pM) 
significantly decreased peak developed tension (PDT) by 15 
+ 2%, time to peak tension (TPT) by 10 + 1%, and 
maximum rate of increase of tension (+ dT/dt) by 5 + 1%, 
but not maximum rate of decrease of tension (—dTi/dt). 
Halothane alone (0.8%) significantly decreased PDT by 56 
+ 2%, TPT by 11 + 2%, +dTidt by 53 + 2%, and 
—aTidt by 56 + 2%. During the exposure period, the 
combination of verapamil and halothane together produced 
a simple additive effect (no significant interaction effect by 
two-way analysis of variance), with PDT decreased by 


Many patients with cardiovascular disease now take 
calcium channel blockers on a chronic basis (1). The 
common hemodynamic effects of calcium channel 
blockers and inhalational anesthetics are matters of 
concern for the anesthesiologist. These effects include 
depression of myocardial contractility, systemic vaso- 
dilation, negative chronotropy, and prolongation of 
atrioventricular conduction (2-6). In our study we have 
focused on one of these shared actions—depression 
of myocardial contractility. Recent studies in intact 
animals (7~9) and man (10) suggest that the combi- 
nation of calcium channel blockers and inhalational 
anesthetics results in an additive effect, but the exact 
nature of the interaction has been difficult to define 
because of the confounding effects of neurohumoral 
and vascular reflexes. In an effort to define more pre- 
cisely this drug interaction, we studied the separate 
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68 + 2%, TPT by 20 + 3%, +dTidt by 62 + 2%, and 
—dT/dt by 65 + 2%. The reversibility of halothane-induced 
depression was also studied. Peak developed tension showed 
complete reversibility 30 min after discontinuing halothane. 
In the presence of verapamil, however, the reversibility of 
halothane-induced depression was not complete, and sig- 
nificant residual depression of PDT (19 + 3%) was ob- 
served. We conclude that the acute depressant effect of ve- 
rapamil plus halothane in isolated papillary muscle is additive, 
but reversibility of halothane-induced depression may be 
impaired or prolonged in the presence of verapamil. 


Key Words: ANESTHETICS, voratiLe—halothane. 
INTERACTIONS, DRUGs—calcium channel blockers, 
anesthetics. HEART—contractility. 


and combined effects of verapamil and halothane in 
an isolated preparation of rabbit papillary muscle. 


Methods 
Isolated Papillary Muscle 


Rabbits weighing 2.0-2.5 kg were killed by cervical 
dislocation, and papillary muscles were quickly re- 
moved from the right ventricle. Muscles were placed 
in a Blinks dual tissue bath (11) containing Krebs so- 
lution equilibrated with 95% O5% CO, at pH 7.4 
and 30°C. The Krebs solution was composed of NaCl, 
121 mM; KCI, 2.4 mM; MzSO,, 1.2 mM; NaHCo,, 
24.8 mM; KH2PO,, 1.2 mM; and glucose, 5.6 mM. 
The lower end of each muscle was fixed to a punctate 
stimulating electrode, and the upper end was at- 
tached to a Statham G7B force transducer with 0000 
silk thread. Muscles were paced at 0.2 Hz at twice- 
threshold voltage with DC square waves of 4-msec 
duration. Each muscle was stretched to the maximal 
length (Lmax) at which peak developed tension (PDT) 
was greatest. Before any intervention, the muscle 
preparation was equilibrated for:60 min to allow PDT 
to reach a steady state. Isometric twitch tension was 
recorded continuously on a Gould 2400S 4-channel 
recorder and analyzed for PDT, time to peak tension 
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Figure 1. Typical tracings of verapamil and halothane effects on 
isolated papillary muscle. Initial equilibrated state is indicated by 
(i). (A): Verapamil alone (0.5 uM), added at arrow, produces a 
gradual 15% decrease in peak developed tension which reaches a 
steady state by 45 min (ii). (B): Halothane alone (0.8%, initiated at 
“ +”) results in steady state depression by 12 min. Recovery begins 
when halothane is discontinued at “—” and continues for 30 min 
until a steady state is achieved (not shown on this time scale). Note 
that exposure to halothane alone is conducted after a 45-min wait- 
ing period, making the halothane series temporally similar to the 
series in which papillary muscles are exposed to both verapamil 
and halothane. (C): The interaction of verapamil and halothane is 
studied by incubating equilibrated papillary muscles in verapamil- 
containing Krebs solution until a steady state is achieved (ii). Treated 
muscles are maintained in the verapamil-containing solution and 
subjected to the same protocol as shown in (B). Cross-sectional 
areas for muscles are 0.50 mm? (A), 0.92 mm? (B), and 0.76 mm? 
(C). 


(TPT), maximum rate of increase of tension (+ dT/dt), 
and maximum rate of decrease of tension (— dT/dt). 

Halothane was delivered through a Frazer-Harlake 
vaporizer using 95% O2/5% CO, as the carrier gas. 
The partial pressure of halothane in the bathing so- 
lution was determined using a Varian 1200 gas chro- 
matograph and the method of Fink and Morikawa 
(12). 


Experimental Design 


The basic features of the experimental design are shown 
in Figure 1 and outlined under the following headings: 


Verapamil alone. The depressant effect of verapamil 
alone (Fig. 1A) was defined by incubating papillary 
muscles in Krebs solution containing 0.5 yM racemic 
verapamil (Knoll Pharmaceutical). This concentration 
was chosen because it is located within the clinical 
range for plasma verapamil levels (0.1-1 aM) in hu- 
mans (4), and because it produced steady-state 
depression in the papillary muscle preparation after 
a 45 min period of equilibration. 


CAPLAN AND SU 


Halothane alone. The depressant effect of halothane 
alone (Fig. 1B) was defined by exposing papillary 
muscles to 0.8% halothane. This concentration is ap- 
proximately equal to 1 MAC in the rabbit (13) and is 
also located within the clinical range for maintenance 
of inhalational anesthesia. To correspond temporally 
with the set of experiments in which papillary muscles 
were exposed both to verapamil and halothane (see 
below), the depressant effect of halothane alone was 
studied 45 min after the initial equilibration period. 


Verapamil plus halothane. To study the combined ef- 
fects of verapamil and halothane (Fig. 1C), papillary 
muscles were first incubated for 45 min in Krebs so- 
lution containing 0.5 uM verapamil. While remaining 
in the verapamil-containing bath, these muscles were 
then subjected to the previously described protocol 
for halothane exposure. 


Halothane recovery. After 12 min of exposure, a steady 
state of halothane-induced depression was reached. 
Halothane was then discontinued, and twitch tension 
was recorded for an additional 30 min, at which time 
a steady state of recovery was achieved. 


Data Analysis 


Forty papillary muscles were used, equally divided 
among the following four groups: drug-free (control) 
muscles; muscles exposed to verapamil alone (Fig. 
1A); muscles exposed to halothane alone (Fig. 1B); 
and muscles exposed to both verapamil and halo- 
thane (Fig. 1C). In each of these treatment groups, 
individual papillary muscles were obtained from at 
least six different animals. 

The cross-sectional area of each papillary muscle 
was Calculated as the ratio of wet muscle weight to 
muscle length (assumed density = 1). To assure ad- 
equate tissue oxygenation by diffusion, only those 
papillary muscles with a cross-sectional area less than 
1 mm? were included in this study. 

Each muscle preparation served as its own control, 
and results were expressed as percent of control. Three 
statistical tests were performed on the data as follows: 
1) Comparisons between control conditions and sin- 
gle drug effects were made using Student's t-test for 
paired data. 2) Comparisons among different treat- 
ment groups were made using one-way analysis of 
variance. 3) The presence of interaction effects (com- 
bined drug effects that could not be explained by sim- 
ple addition of individual drug effects) was tested 
using two-way analysis of variance (14). P values less 
than 0.05 were considered significant. 


VERAPAMIL AND HALOTHANE INTERACTION 
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Figure 2. Time-course effects of verapamil and halothane used 
alone and in combination. All values are mean + SEM; n = 10 for 
each group. For clarity, intermediate time values are not shown 
for the control group and for muscles exposed only to verapamil. 
*P < 0.05 for drug effect vs corresponding time-matched control. 


Results 


The mean cross-sectional area for papillary muscles 
(n = 40) used in this study was 0.67 + 0.04 mm%, 
and the mean control value for PDT was 1.21 + 0.13 
g/mm7*. Drug-free muscles (controls) showed an av- 
erage decay in PDT of 5% of control over the time 
course of this study. During the exposure period, the 
mean steady-state partial pressure of halothane in the 
bathing solution was 0.8 + 0.08%. At the end of the 
30-min recovery period, halothane was not detectable 
in the bath. 

The typical effects of verapamil and halothane on 
PDT are shown in Figure 1. In the presence of 0.5 uM 
verapamil alone, PDT decreased gradually and reached 
a steady state by 45 min. In the presence of 0.8% 
halothane, PDT decreased rapidly and reached a steady 
state by 12 min. After discontinuing halothane, re- 
covery from halothane-induced depression occurred 
promptly and reached a steady state by 30 min. 

Figure 2 shows the time-course effects of halothane 
and verapamil on PDT. Verapamil alone decreased 
PDT to 85 + 2% of control, halothane alone decreased 
PDT to 44 + 2% of control, and the combination of 
both drugs decreased PDT to 32 + 2% of control. 
During the period of halothane exposure, the com- 
bined depressant effect on PDT of verapamil plus 
halothane was almost identical to the effect that would 
be predicted for the sum of the depressant effects of 
each drug alone. As shown in Table 1, this observa- 
tion was confirmed using two-way analysis of vari- 
ance. At each time-point during halothane exposure, 
the associated value for F (interaction) was not sig- 
nificant. However, starting with the sixth minute of 
halothane recovery, the observed values for the com- 
bination of verapamil plus halothane were 5-8% lower 
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than the values predicted by simple summation of 
individual drug effects. The corresponding values for 
F (interaction) were also significant, suggesting that 
the interaction of these two drugs impaired or delayed 
the reversibility of halothane-induced depression dur- 
ing the 30-min recovery period. 

The effects of verapamil and halothane on the com- 
ponents of twitch tension at steady-state depression 
are shown in Figure 3. The only significant effect of 
verapamil alone was a decrease in TPT to 90 + 1% 
of control. The primary effect of halothane alone on 
the components of twitch tension was a decrease in 
+dT/dt to 47 + 2% of control and —dT/dt to 44 + 
2% of control. Halothane alone also produced a small 
but significant decrease in TPT to 89 + 2% of control. 
The combination of verapamil and halothane de- 
creased TPT to 80 + 1% of control, +dT/dt to 38 + 
2% of control, and —dT/dt to 34 + 2% of control. 
Two-way analysis of variance suggested that the com- 
bined depressant effect of verapamil plus halothane 
on the components of twitch tension could be attrib- 
uted to simple addition of individual drug effects. 

The reversibility of halothane-induced depression 
is shown in Table 2. Thirty minutes after discontin- 
uing halothane, the average value for PDT in papillary 
muscles exposed to halothane alone showed signifi- 
cantly less depression from the pre-halothane base- 
line than muscles exposed to both verapamil and halo- 
thane. Recovery of TPT after halothane exposure was 
nearly complete in both the presence and absence of 
verapamil, but the recovery of +dT/dt and —dT/dt 
in papillary muscles exposed to the combination of 
drugs was significantly less. At 30 min of recovery, 
the observed and predicted effects of verapamil plus 
halothane on TPT were nearly identical, but + dT/dt 
and — dT/dt both showed about 10% more depression 
in the observed values. 


Discussion 


In this study of myocardial contractility in isolated 
papillary muscle, the combination of verapamil and 
halothane produced a simple additive effect during 
halothane exposure, but a greater-than-additive effect 
during the period of recovery from halothane-induced 
depression. 

The decrease in twitch tension produced by 1 MAC 
halothane in our study is approximately 15% greater 
than that reported by Brown and Crout (15). Although 
species variation (rabbit vs cat) and different temper- 
atures in the bathing solution (30 vs 37.5°C) may have 
played some role, this discrepancy probably can be 
attributed to differences in the measurement of halo- 
thane partial pressure. In our study the partial pres- 
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VERAPAMIL AND HALOTHANE INTERACTION 


Table 2. Reversibility of Halothane-Induced Depression 
in Papillary Muscles 


Halothane Verapamil 
alone and halothane 
PDT 9l = 37 81 + 3a 
TPT 95 = 3 99 + 2 
+ dT/dt 92 = 3 83 + gab 
—~ dT/dt 94 = 2 78 + 3 


All values are percent of pre-halothane baseline, expressed as mean + 
SEM; n = 10 for each group. Measurements obtained just prior to halothane 
exposure serve as the baseline for calculating completeness of recovery at 
30 min. 

Abbreviations: PDT, peak developed tension; TPT, time to peak tension; 
+ dT/dt, maximum rate of increase of tension; ~dT/dt, maximum rate of 
decrease of tension, 

aP < 0.05 recovery value vs prehalothane value. 

*P < 0.05 halothane alone vs halothane plus verapamil. 


this study. Marshall et al. (28) have recently reported 
that the combined depressant effect of nifedipine and 
halothane in isolated rat heart is primarily additive. 
Although drug interactions are more difficult to char- 
acterize in intact animal preparations, studies with 
verapamil and inhalational anesthetics in dogs (7,8) 
and humans (10) are also consistent with an additive 
effect during the phase of myocardial depression. 
Differences in the primary sites of action may also 
provide a mechanism for the interaction effect that 
was observed during the phase of halothane recovery. 
Unlike the halothane exposure phase, in which de- 
pletion of intracellular calcium is a relatively inde- 
pendent event, repletion of intracellular calcium stores 
during halothane recovery may depend upon access 
to extracellular calcium. Thus in the presence of ve- 
rapamil, a reduction in the flow of calcium across the 
cell membrane may delay or impair the restoration of 
intracellular stores. A recent observation by Lynch et 
al. (17) that is consistent with this mechanism is that 
halothane—induced depression of twitch tension in 
isolated papillary muscles can be partially antago- 
nized by increased extracellular Ca**. Furthermore, 
the mechanism for this partial antagonism appears to 
be increased entry of Ca?* through the slow channel. 
Another factor that may contribute to the observed 
interaction during the recovery phase is the possibility 
that verapamil can depress myocardial contractility at 
intracellular sites (1,18,21). This may be especially im- 
portant in the setting of prolonged or chronic expo- 
sure, as suggested by time-dependent effects that have 
been observed in electrophysiologic studies of vera- 
pamil (29) and its methoxy derivative, D-600 (30,31). 
The presence of halothane may also increase the 
permeability of the cell membrane to verapamil. In 
this situation, the concentration of intracellular ve- 
rapamil might be significantly increased during the 
period of halothane exposure, and then “trapped” at 
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a higher concentration after halothane has diffused 
out of the bathing solution. Thus the interaction effect 
that we observed during the phase of halothane re- 
covery may be due to a relative excess of intracellular 
verapamil as well as a relative deficit of intracellular 
Ca? +. 

An interesting feature of this study was that halo- 
thane and verapamil each exhibited a distinct pattern 
of effects on the three components of twitch tension 
(TPT, +dT/dt, and —dT/dt). Halothane produced sig- 
nificant decreases in all three components. This pat- 
tern appears to be typical of the inhalational agents 
over a wide range of concentrations (15,32). However, 
verapamil produced an equivalent decrease in both 
twitch tension and TPT, and thus there was no sig- 
nificant change in + dT/dt. Factors that can affect TPT 
in the isolated muscle preparation include resting 
muscle length, frequency of contraction, and action 
potential waveform (33-35). The first two of these 
factors were held constant in this study. Although the 
third factor—action potential waveform—was not re- 
corded here, previous electrophysiologic studies of 
isolated papillary muscle (18) have demonstrated that 
verapamil alters the action potential waveform by 
widening the plateau phase. It is tempting to spec- 
ulate that the verapamil-induced changes in TPT that 
we observed were primarily caused by changes in the 
action potential waveform, but we cannot exclude the 
possibility of verapamil effects at other cellular sites. 
It should also be noted that a decrease in the rate of 
muscle relaxation can have an important mechanical 
effect on PDT in the isolated muscle preparation. This 
effect can occur when the reduction in — dT/dt is great 
enough to produce incomplete relaxation between 
successive beats, leading to an increase in resting ten- 
sion and a decrease in peak developed tension. In the 
present study, however, the change in —dT/dt was 
not great enough to produce this mechanical effect. 

It is important to note that exposure to verapamil 
in this study occurred only after papillary muscles had 
been isolated and placed in the tissue bath. Thus the 
results of this study reflect the relatively acute effects 
of verapamil and its interaction with halothane. In 
clinical practice, a roughly equivalent situation might 
occur if therapy with a calcium channel blocker were 
initiated shortly before the administration of an in- 
halational anesthetic. Insofar as the short-term and 
long-term effects of calcium channel blockade may 
differ, the applicability of this model in the setting of 
chronic therapy is less certain. Whether our obser- 
vation of a significant drug interaction during halo- 
thane recovery in isolated papillary muscle has any 
correlate in the clinical setting (e..g., slower recovery 
from the cardiovascular effects of inhalational agents 
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in patients receiving calcium channel blockers) is not 
clear at present. However, the small magnitude of the 
effect we observed is consistent with the current clin- 
ical impression that the combination of these two classes 
of drugs is well-tolerated in patients with normal left 
ventricular function (2). 


The authors thank Donald C. Martin, PhD for statistical consulta- 
tion, and Julie Baker and Barby Pearson for assistance in prepa- 
ration of the manuscript. Verapamil was generously supplied by 
Knoll Pharmaceutical. 
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Effect of Clonidine on Sympathoadrenal Response during Sodium 


Nitroprusside Hypotension 


Byron C. Bloor, PhD, Linda S. Finander, Ms, CRNA, Werner E. Flacke, MD, and 


Aaron Van Etten, MS 


BLOOR BC, FINANDER LS, FLACKE WE, 

VAN ETTEN A. Effect of clonidine on sympathoadrenal 
response during sodium nitroprusside hypotension. 
Anesth Analg 1986;65:469-74. 


Supplementation of the antihypertensive action of the pe- 
ripheral vascdilator sodium nitroprusside (SNP) with cloni- 
dine, a centrally-acting agent, was studied tn ten dogs anes- 
thetized with isoflurane to evaluate the efficacy of cloni- 
dine for reducing the amount of SNP required during in- 
duced hypotension. The dose of SNP required to lower mean 
arterial blood pressure (MAP) by 40% was determined prior 
to the administration of intravenous clonidine (control), and 
after incremental doses of 1, 4, and 15 pg/kg. After each 
dose of clonidine, hypotension was induced with SNP and 
maintained for 30 min, followed by a 30-min recovery pe- 
riod. Plasma levels of norepinephrine (NE) and epinephrine 
(EPI) were determined before hypotension, at 5 min and 30 
min during nypotension, and at 5 min and 30 min during 
recovery. During the control period (no clonidine), SNP- 
induced hypotension resulted in increases in plasma cate- 
cholamine levels, with larger increases in EPI (from 70 + 


Sodium nitroprusside {SNP} is a vasodilator acting 
directly on the arteriolar and venous smooth muscle 
used for acute control of blood pressure. It is com- 
monly employed during anesthesia for induction and 
maintenance of controlled hypotension. Problems as- 
sociated with SNP usage during anesthesia include 
resistance and tachyphylaxis (1-4). Increasing the 
dosage of SNP to maintain desired hypotension may 
lead to. toxic levels of cyanide; high cyanide levels 
have been implicated in SNP-related anesthetic deaths 
(2,5). Supplementation of the antihypertensive effect 
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26 to 851 + 140 pg/ml, at 30 min) than NE (from 171 + 
26 to 334 + 58 pg/ml, at 30 min). There was no significant 
difference between the control MAP and the MAP after each 
incremental dose of clonidine. In these anesthetized dogs 
with low sympathetic tone there was no significant decrease 
in EPI levels after administration of up to 20 pg/kg of 
clonidine. Increasing doses-of clonidine correlated inversely 
with depression in catecholamine output during induced 
hypotension and the dose of SNP required to produce this 
hypotension. The cumulative dose of 20 g/kg of clonidine 
prevented hypotension-induced increases in circulating cate- 
cholamines and decreased the dose requirement of SNP by 
81%, suggesting that as much as 80% of the SNP dose is 
in response to baroreceptor-mediated increase in sympathetic 
activity. The attenuation of sympathetic discharge by clon- 
idine during anesthesia, without change in resting MAP, 
makes it a potentially useful ancillary agent for reducing 
the amount of SNP used to produce controlled hypotension. 


Key Words: ANESTHETIC TECHNIQUES—hypo- 
tensive. SYMPATHETIC NERVOUS SYSTEM—alpha 
agonists, clonidine. 


of SNP by adjuvant drugs, including B-adrenergic 
blockers, ganglionic blocking agents, and other va- 
sodilating drugs, is used to decrease the required SNP 
dose (6,7). 

Physiologically, the normal function of the baro- 
receptor reflex is to maintain blood pressure at its set 
point. SNP induces hypotension by direct peripheral 
vasodilatation. This results in activation of the sym- 
pathetic nervous system and a decrease in vagal tone 
as a compensatory mechanism for maintenance of blood 
pressure. Heart rate is usually increased with the use 
of SNP in both dogs and man. During SNP admin- 
istration, the carotid sinus baroreceptor reflex is well 
maintained in lightly isoflurane-anesthetized ani- 
mals. In fact, a large part of the SNP-induced hypo- 
tension may be offset by an increase in cardiac output, 
which is reflected in an increase in heart rate of 50% 
or more (8). The increase in sympathetic tone also 
results in activation of the renin/angiotensin system 
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Table 1. Effect of Clonidine Pretreatment on Values during and after SNP-Induced Hypotension 





SNP SNP Rec Rec SNP dose % of 
Clonidine Control 5 min 30 min Control A 30 „5 min 30 min ugkg`'min™! control 
Mean arterial pressure (mm Hg) 
0 123 ay 7927 72+ 4 +3 102 + 5 111 +5 15 + 4 100 
1 108 + 5 73 + 8 66 + 3 aay 9445 ill: 3 1444 92 
5 12 23 54 + 6 68 +3 E2 97 + 4 101 + 5 BF 53 
20 116 + 9 62 + 6 68 + 6 23 9447 88 + 7 cea i 18 
Heart rate (beats/min) 
0 147 + 7 154 + 9 151 +9 + 6 149 + 9 146 +9 = = 
1 133 +7 147 + 8 151 + 10 25 141 + 9 134 + 8 — — 
5 114 + 5 130 + 8 135 + 11 + 10 120 + 11 121 + 11 — = 
20 113 + 10 122 + 7 113 t6 +4 104 + 6 104 + 7 — = 
Epinephrine (pg/ml) 
+ 26 509 + 110 851 + 140 781 + 134 483 + 117 276 + 74 — — 
1 169 + 47 531 + 126 590 + 179 421 + 146° 369 + 104 134 + 47 — — 
5 53 + 16° 286 + 122 283 + 121° 231 + 111° 144 + 60° 35 + 9 obs ie 
20 02% 6" 38 + 22° 26 Æ + 4¢ 194 Ae 16 + sds _ 
Norepinephrine (pg/ml) 
0 171 + 26 238 + 44 334 + 58 163 + 54 240 + 43 199 + 27 — — 
1 12 = 17 207 + 42 266 + 63 154 + 59 221 + 51 119 + 18 —~ — 
5 54 + 13 104 + 237 147 + 37 + 41 89 4521" LEI are a 
20 40 + 128 46 + 12° 41 + 10° =e 45 + 12 S117” _ = 


Data are expressed as mean + SEM. 


Abbreviations: SNP 5 min, 5 min after starting the sodium nitroprusside-induced hypotension; SNP 30 min, 30 min after starting the sodium nitroprusside- 
induced hypotension; Control A 30, change in level at 30 min from control; Rec 5 min, 5 min recovery after termination of SNP infusion; Rec 30 min, 30 min 


recovery after termination of SNP infusion. 
*P < 0.05 from control (0 ug/kg clonidine). 
tP < 0.01 from control (0 ug/kg clonidine). 
cP < 0.001 from control (0 ug/kg clonidine). 


mediated, in part, by a B-adrenergic receptor stimu- 
lation. B-Adrenergic receptor blockers such as pro- 
pranolol have been shown to block this SNP-induced 
activation (6). 

Clonidine is a centrally-acting a-agonist used for 
its acute and chronic antihypertensive actions (9-11). 
These actions are mediated through central reduction 
of sympathetic outflow (10,12-16) and by an action 
upon neurons in the medulla concerned with cardio- 
vascular regulation (8,16). Clonidine has no direct 
negative inotropic or chronotropic cardiac effects. To 
our knowledge, use of clonidine as an adjuvant for 
reducing the dose of SNP necessary for a given mag- 
nitude of hypotension has not been previously 
reported. 

The purposes of this study were: 1) to examine the 
effects of acutely administered clonidine on SNP-in- 
duced hypotension; 2) to determine a dose-response 
relationship between clonidine and SNP dose reduc- 
tion (if any); and 3) to examine the effect on the sym- 
pathoadrenal system when both drugs are given. 


Methods 


Anesthesia was induced in ten healthy mongrel dogs 
(16-23 kg) with intravenous thiopental (15-20 mg/kg), 
followed by tracheal intubation. The animals were 


mechanically ventilated to maintain a normal Paco». 
Isoflurane in oxygen was maintained at 2.4 vol% end- 
tidal concentration (approximately 1.5 MAC) during 
instrumentation of the animals and was later reduced 
to 1.6% (1 MAC). This was followed by a 30-min sta- 
bilization period before the experimental protocol was 
started. Body temperature was maintained at 38.5 + 
0.5°C by means of a temperature-controlled water 
blanket. Blood pressure was measured through a fem- 
oral arterial cannula connected to a Hewlett-Packard 
pressure transducer. Mean arterial blood pressure 
(MAP) was derived electronically. Heart rate and ECG 
were monitored and heart rate recorded by a cardi- 
otachograph. All cardiovascular measurements were 
recorded on a direct-writing polygraph (Hewlett— 
Packard model 7758B). Data were gathered on-line 
using a Minc 11/23 microcomputer. All cardiovas- 
cular data was tabulated at end expiration. 

A femoral intravenous catheter was inserted through 
which all drugs were given. Atropine (0.02 mg/kg) 
was given every hour. Arterial blood samples for mea- 
surements of plasma levels of epinephrine (EPI) and 
norepinephrine (NE), were drawn at 20 min and 30 
min into the 30-min stabilization period. A controlled 
SNP infusion (Princeton infusion pump) was used to 
lower MAP by 40% from the control value established 
during the stabilization period. Arterial blood samples 
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for catecholamine measurements were drawn at 5 min 
and 30 min after the SNP infusion had begun. The 
infusion was discontinued after 30 min, and samples 
were again taken 5 min and 30 min later. Intravenous 
clonidine, 1 g/kg at an infusion rate of 0.5 g/min, 
was administered. Blood samples were then drawn 5 
min and 30 min after administration of the clonidine. 
Again, a SNP infusion was used to decrease MAP 
40% below the ievel observed after the administration 
of clonidine, with blood samples for measurement of 
catecholamine levels obtained at 5 min and 30 min 
into the SNP infusion and at 5 min and 30 min after 
its discontinuation. This sequence was repeated after 
4 ugikg (subtotal dose 5 pg/kg) and 15 ug/kg (final 
total 20 ug/kg) of clonidine, given at the same infusion 
rate of 0.5 wg/min. Each blood sample was replaced 
with an equal volume of lactated Ringer’s solution. 
Plasma catecholamine samples were collected on ice 
in tubes containing 10.5 mg EDTA. The plasma was 
promptly separated using a refrigerated centrifuge, 
removed, and stored at —80°C until catecholamine 
determinations were made. Levels were measured by 
high performance liquid chromatography with elec- 
trochemical detection (17). The level of sensitivity in 
our laboratory is 20 pgml for both NE and EPI, and 
intra- and inter-assay variability are less than 5 and 
6%, respectively. 

Sodium nitroprusside was obtained from the UCLA 
pharmacy at a concentration of 20 mg/ml and diluted 
to 4 mg/ml for infusion. The SNP solutions were pro- 
tected from light throughout their use. Clonidine was 
obtained from Boehringer Ingelheim, and a concen- 
tration of 10 ug/ml in saline was prepared daily. 

Each dog served as its own control. Values re- 
ported are expressed as mean + SEM. Statistical tests 
used were analysis of variance for repeated measure 
and Bonferroni modified t-test. The Bonferroni mod- 
ified t-test was used to isolate differences between 
groups when analysis of variance for repeated mea- 
sure proved significant. Values of P < 0.05 were 
used as the criterion for statistical significance. 
Dose-response curves were calculated using regres- 
sion analysis. 


Results 


Control MAP was 123 + 7 mm Hg and control heart 
rate was 147 + 7 beats/min (n = 10; Table 1). Cloni- 
dine in cumulative doses of 1, 5, and 20 ug/kg did 
not significantly change MAP from the control value 
in normovolemic animals anesthetized with isoflur- 
ane; however heart rate was reduced to 113 + 10 
beats/min by 20 ug/kg of clonidine (Table 1). The rest- 
ing (control) EPI level (70 + 26 pg/ml) was not affected 
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Figure 1. Effect of incremental doses of clonidine on norepineph- 
rine and epinephrine plasma levels during sodium nitroprusside- 
induced hypotension. Values shown are the mean + SEM. 


by the clonidine treatment. On the other hand, the 
control NE level (171 + 26 pg/ml) was reduced by 
77% by 20 wg/kg of clonidine (P < 0.05) (Table 1). 

The 40% decrease in MAP induced by the SNP 
infusion during the control period (before clonidine 
was given) resulted in sympathetic activation, as re- 
flected by a large increase in circulating plasma cate- 
cholamine levels. The mean increase in EPI after 30 
min hypotension was 781 + 134 pg/ml, a twelvefold 
increase over control. The increase in NE was smaller; 
the mean increase during induced hypotension was 
163 + 54 pg/ml, or almost a doubling of resting levels. 
This pattern of response (EPI >> NE) remained con- 
sistent even after clonidine treatment. 

Sympathetic discharge during the induced hypo- 
tension was attenuated by clonidine. One pg/kg cloni- 
dine had little effect on the hypotension-induced sym- 
pathetic discharge; only circulating plasma EPI was 
significantly reduced at the 30 min point. After the 
same duration of hypotension, 5 ng/kg clonidine (i.e., 
1 + 4 wg/kg) reduced the increase in the EPI levels 
by 70% (781 to 231 pg/ml; P < 0.01). Changes in cir- 
culating plasma NE values were not significantly af- 
fected. However, an almost total block of the sym- 
pathetic response to SNP-induced hypotension was 
found after 20 ug/kg of clonidine (i.e., 1 + 4 + 15); 
mean EPI and NE responses were attenuated by 99% 
(P < 0.01) (Table 1, Fig. 1). 

Parallel with the decrease in catecholamine re- 
sponse, clonidine also produced a significant reduc- 
tion in the hypotensive dose of SNP required (Table 
1}. Administration of a total dose of 5 ng/kg clonidine 
decreased the mean SNP requirement by 47% (P < 
0.05) and 20 ug/kg clonidine by 81% (P < 0.001). The 
catecholamine reductions paralleled the observed de- 
crease in SNP requirement. The effect of different 
doses of clonidine on the amount of SNP required to 
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Figure 2. Dose-response relationship between clonidine dose and 
required dose of sodium nitroprusside to induce 40% hypotension. 
Sodium nitroprusside requirement is plotted on a log scale. Values 
shown are the mean + SEM. 


induce hypotension is depicted in Figure 2. Figure 3 
demonstrates the relationship between clonidine dose 
and reduction in the 30-min catecholamine response 
to SNP-induced hypotension. Table 1 summarizes the 
mean and standard error values for mean arterial 
pressure, heart rate, norepinephrine, and epineph- 
rine, as well as sodium nitroprusside dose. 


Discussion 


Supplementation of the antihypertensive action of SNP 
is almost standard practice and should obviate the 
need for potentially toxic doses to control blood pres- 
sure. During anesthesia, halothane is frequently used 
for this purpose. Increased concentration of halothane 
yields deeper levels of anesthesia, thereby decreasing 
the amount of SNP needed because halothane is a 
cardiovascular and sympathetic depressant in its own 
right. However, resorting to an increase in the depth 
of anesthesia to control blood pressure and heart rate 
responses can be undesirable in the elderly or in pa- 
tients with cardiovascular disease. 

B-Adrenergic blockade with a drug such as pro- 
pranolol is another approach to attenuating the £- 
adrenergic reflex response associated with SNP, and 
therefore to reducing the required dose. B-Adrenergic 
blockade reduces the degree to which the heart, 
through inotropic and chronotropic mechanisms, can 
compensate for the vasodilatation produced by SNP. 
B-Blockade may be contraindicated for patients with 
chronic obstructive pulmonary disease, asthma, or 
congestive heart failure. 

Clonidine attenuates the release of catecholamines 
by reducing central sympathetic outflow. This reduc- 
tion is believed to be through a central mechanism 
(18). Unlike propranolol, clonidine does not block the 
postsynaptic adrenergic receptors. Yet like propran- 
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Figure 3. Dose relationship between clonidine and norepinephrine 
and epinephrine release (plasma level at 30 min minus plasma level 
at control) in response to induced hypotension. Catecholamine 
concentrations are plotted on a log scale. Values shown are the 
mean + SEM. 


olol, clonidine significantly reduces the amount of 
SNP required to produce the desired hypotension, as 
seen in the present study. 

In the present study, sympathetic tone (as indi- 
cated by plasma catecholamine levels) (19) varied 
among the animals during isoflurane anesthesia at 1 
MAC. Yet within 5 min of the first period of SNP- 
induced hypotension, a marked discharge of NE and 
EPI was seen in each animal lasting the entire 30-min 
period (Table 1 and Fig. 1). Epinephrine was prefer- 
entially released when blood pressure was decreased. 
This finding is similar to that of Malmejac (20). Ob- 
served peak response of NE was at 5 min, whereas 
EPI levels were still increasing at the 30-min sample 
point (Fig. 1). When SNP was discontinued, the out- 
pouring of catecholamines subsided over the 30-min 
recovery fime. 

In these experiments, three doses of clonidine were 
used: 1, 4, and 15 ug/kg. Because of clonidine’s long 
duration of action (elimination half-life 20-40 hr) (21), 
the doses given probably were cumulative and total 
doses of 5 and 20 wg/kg were achieved: Clonidine is 
known to reduce circulating levels of EPI and NE (22). 
In the present experiment no significant decreases in 

circulating plasma EPI levels occurred during the con- 
trol periods after clonidine, probably because the ini- 
tial levels were not elevated in these animals. How- 
ever, a significant reduction in plasma NE levels did 
occur (Table 1). Clonidine markedly attenuated the 
release of catecholamines in a dose-related fasion when 
the sympathetic nervous system was challenged by 
SNP-induced hypotension (Fig. 1 and Table 1). 
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“Primary resistance” to SNP may be mediated by 
an unusually brisk sympathoadrenal response that 
occurs as homeostatic mechanisms, especially pres- 
sure-sensitive barorecevtor reflexes, attempt to main- 
tain normal arterial pressure. To overcome the in- 
crease in homeostatic baroreceptor activity, even greater 
amounts of SNP are given, and acute tachyphylaxis 
is observed. No tachyphylaxis was found in the pres- 
ent experiments during the 30-min hypotensive pe- 
riods. However, catecholamine release seemed to play 
a large role in SNP dose requirement. A cumulative 
dose of 20 ug/kg clonidine blocked the SNP hypoten- 
sion-induced catecholamine release and decreased the 
required dose of SNP by 81%. Published reports in- 
dicate that the decrease in the dose requirement of 
SNP produced by propranolol was 40% for a similar 
reduction in MAP (6). 

In our animal study, as in human studies (23), clon- 
idine in all doses employed did not significantly alter 
MAP from that of the control (Table 1). During the 
normotensive period, plasma levels of NE were re- 
duced only after administration of clonidine. This re- 
sult was probably due to the anesthesia and lack of 
surgical stimulation, such that control catecholamine 
levels were the same as expected in resting supine 
subjects (EPI 70 pg/ml, NE 171 pg/ml). If higher sym- 
pathetic tone had been present initially, a reduction 
in sympathetic tone, and therefore in circulating cate- 
cholamines, would have been predicted. In this light, 
it should be pointed out that in a situation where 
blood pressure is dependent on high sympathetic tone, 
clonidine would be likely to decrease blood pressure. 

Attenuation of sympathetic response paralleled de- 
creased doses of SNP required to produce the desired 
hypotension (Fig. 3). One ng/kg of clonidine had no 
significant effect on SNP dose, but 5 ug/kg and 20 
pg/kg significantly reduced mean SNP requirement 
by 45% and 81%, respectively. Thus the dose reduc- 
tion paralleled the reduction in catecholamine release. 
Dose-response relationships depicted in Figures 2 and 
3 suggest that an optimal dose of clonidine can be 
chosen to reduce the SNP dose while maintaining 
some degree of sympathetic reactivity. This balance 
is desirable because it allows for circulatory adjust- 
ments to buffer changes, especially during emergency 
conditions. This interaction between a centrally-act- 
ing drug and a peripheral vasodilator has not been 
reported previously. 

In an earlier study, 20 g/kg of clonidine increased 
the anesthetic potency of halothane (a reduction of 
MAC) in dogs by 48% (24). Although we have not 
measured the effect of clonidine on the potency of 
isoflurane, perhaps an increase in depth of anesthesia 
may account in part for some of the significant re- 
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duction in SNP dose and catecholamine secretion found 
in this experiment. Animals in the present study were 
deliberately maintained on 1 MAC isoflurane rather 
than halothane. Isoflurane has less myocardial de- 
pressant effects than halothane, and probably de- 
presses parasympathetic tone more than sympathetic 
tone (25,26). In addition, a decrease in catecholamine 
concentrations has not been found in unstimulated 
dogs anesthetized with isoflurane (27). Maintenance 
of sympathetic tone with isoflurane anesthesia re- 
duces the variable effect this factor can have on changes 
in anesthetic depth. It is therefore more difficult to 
correlate a reduction in halothane MAC by clonidine 
to the effect of clonidine on SNP dose reduction in 
dogs anesthetized with isoflurane, though some po- 
tentiation might occur. 

Clinical implications of this experiment are limited 
by the following important factors: 1) During the ex- 
perimental period, the animals were not subjected to 
any surgical stimulation or stress. The catecholamine 
release likely to occur during stimulation or stress may 
well change the observed log-linear reduction in EPI 
and NE outflow by the three clonidine doses used. 
2) Chronically administered clonidine used either alone 
or as part of a patient’s antihypertensive therapy may 
not yield the same reduction in catecholamine outflow 
and SNP dose as in the present experiments where 
clonidine was used acutely. 3) In this study, 0.02 mg/kg 
of atropine was administered every hour to prevent 
clonidine-induced bradycardia. This was done in an 
attempt to separate sympathetic and parasympathetic 
components. With increasing doses of clonidine with- 
out atropine one could expect a further decrease in 
heart rate and less of an increase in heart rate during 
SNP-induced hypotension, both caused by clonidine- 
increased vagal tone. 

However, on the basis of the present data, cloni- 
dine may be beneficial in decreasing SNP dose during 
induced hypotension while leaving sympathetic re- 
serves for unexpected occurrences of hypotension, 
hypovolemia, or hemorrhage without blocking post- 
synaptic adrenergic receptors. 
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Posterior tibial nerve somatosensory evoked potentials (PTN- 
SSEP) were recorded in eight patients during cardiac sur- 
gery with cardiopulmonary bypass and moderate hypother- 
mia (25-28°C).There was no correlation between changes 
in amplitude and temperature; however, latencies of poten- 
tials recorded over the tibial nerve in the popliteal fossa, the 
lumbar spinal cord, and the cortex increased linearly as 


Somatosensory evoked potentials after posterior tibial 
nerve stimulation (PTN-SSEPs) are frequently used 
for intraoperative monitoring of spinal cord function 
during procedures such as repair of scoliosis or re- 
section of aneurysms of the thoracic aorta (1,2). Dur- 
ing these operations, there is a risk of spinal cord 
damage because of either excessive traction or inter- 
ruption of blocd supply that will result in postoper- 
ative paraplegia if not detected and corrective mea- 
sures speedily taken. However, other factors associated 
with surgery, including anesthetic drugs and changes 
in acid—base status and temperature, can significantly 
alter evoked potentials and must be taken into ac- 
count in the interpretation of evoked potentials dur- 
ing surgery. 

Hypothermia decreases conduction velocity of im- 
pulses along nerve axons and increases synaptic 
transmission delay due to impaired transmitter re- 
lease (3-7), thereby prolonging latency of cortical po- 
tentials. This has been confirmed in humans for au- 
ditory (8,9) and visual stimulation (8,10). The influence 
of hypothermia on median nerve somatosensory 
evoked potentials has been studied during surface 
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temperature decreased. Latency changes correlated well with 
nasopharyngeal temperature, but only poorly with rectal 
and lower limb muscle temperatures. During perioperative 
monitoring of spinal cord function by means of PTN-SSEP, 
an increase of the first positive cortical peak (P1) greater 
than 3 msec is considered an indication for intervention. In 
this study P1 prolonged 1.15 mseci°C (r = 0.89, P < 
0.001). This implies that a temperature decrease of 2~3°C 
may prolong P1 latency by more than 3 msec. 


Key Words: BRAIN—evoked potentials. HYPO- 
THERMIA—evoked potentials. 


cooling (11) and during cardiopulmonary bypass (CPB) 
(8). The latencies of both short and long latency com- 
ponents increased linearly with decreasing tempera- 
ture. The amplitude of the long latency cortical re- 
sponses also decreased with hypothermia (8). 

Because of the long peripheral pathway involved 
in PT'N-SSEPs, one would expect these latencies to 
be very sensitive to changes in both peripheral and 
core temperatures. The purpose of the study pre- 
sented here was to investigate the effects of hypo- 
thermia during CPB on PTN-SSEPs, to determine 
whether this form of monitoring remains reliable dur- 
ing hypothermia, and to evaluate the relationship be- 
tween changes in either latency or amplitude and 
changes in temperature. 


Methods 


Hight patients undergoing elective cardiac surgery in- 
volving CPB with hypothermia were studied. Each 
patient gave informed consent to participate in the 
institutionally approved protocol. None had evidence 
of neurologic or endocrine disease. Demographic de- 
tails of the patients and the types of operation per- 
formed are shown in Table 1. 

All patients received lorazepam, 3-5 mg, orally 2 
hr before surgery as premedication. Anesthesia was 
induced with fentanyl, 75 ug/kg, and pancuronium, 
0.1 mg/kg, was given for muscle relaxation. After in- 
tubation of the trachea the lungs were ventilated with 
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Table 1. Demographic Details of Patients and Types of Operation 





Patient Sex Age (yr) Weight (kg) 

1 F 64 82 

2 M 44 72 

3 M 64 74 

4 F 46 54 

5 F 45 60 

6 M 52 84 

7 F 50 67 

8 F 60 74 
Mean 53 70.9 


Height (cm) Operation 
170 Mitral valve prosthesis 
182 Mitral valve prosthesis 
169 Aortic valve prosthesis 
170 Mitral valve prosthesis 
170 Closure of atrial septal defect - 
185 Aortic and mitral valve prosthesis 
167 Mitral valve prosthesis 
163 Mitral valve prosthesis 


172 





oxygen/air (Fio, 0.5) and ventilation adjusted to main- 
tain Paco, between 35 and 40 mm Hg. Additional 
fentanyl, 25 ug/kg, was given before skin incision. 
Arterial blood pressure, pulmonary arterial pressure, 
and the electrocardiogram were monitored with a HP- 
78534A monitor. 

Nasopharyngeal (NPT), rectal (RT), and lower limb 
muscle (MT) temperatures were measured with an 
Ellab-100 thermometer connected to temperature 
probes. The tip of the nasopharyngeal probe was po- 
sitioned just above the soft palate. The tip of the rectal 
probe was positioned 5 cm from the anal sphincter. 
A needle probe was inserted into the lateral head of 
the gastrocnemius muscle. The thermometer and 
temperature probes were regularly calibrated against 
a precision mercury thermometer and gave a linear 
response between 20 and 40°C, with an accuracy of 
+0.1°C. 

: Output signals from the HP-78534A monitor and 
the Ellab-100 thermometer were interfaced with a mi- 
crocomputer, which recorded temperatures and mean 
arterial blood pressure every 20 sec and stored them, 
together with time, on a floppy disc. Cardiopulmo- 
nary bypass was performed using a Spiroflo-10S bub- 
ble oxygenator (Bos—Bentley) with flows of 50 
ml-kg~'-min~?. Moderate hypothermia (NPT 25-28°C) 
and hemodilution to a hematocrit of 0.20-0.25 was 
used. Perfusion pressure was maintained between 40 
and 70 mm Hg. If necessary metaraminol or sodium 
nitroprusside were administered to keep perfusion 
pressure between these limits. Paco, was maintained 
between 35 and 45 mm Hg. 

A Pathfinder II system was used for nerve stimu- 
Jation and acquisition of evoked potentials (Nicolet 
Biomedical Instruments, Madison, WI). Before in- 
duction of anesthesia, the posterior tibial nerves at 
the right and left ankles were identified with a stim- 
ulator probe. Subdermal needle electrodes were in- 
serted 2 cm apart at right angles to the axis of the 
nerves and the motor threshold determined. 


Teflon-coated subdermal recording needles were 
inserted as follows: 


1. Right popliteal fossa over the tibial nerve with a 
reference electrode 4 cm proximal. 

2. Over the T12-L1 interspace with a reference elec- 
trode over the right iliac crest for lumbar spinal 
cord recordings. 

3. On the scalp at C,’ with a reference electrode at 
Fpz (international 10-20 system). 

4. A ground electrode over the right mastoid process. 


The impedance of all electrodes was less than 6 KQ. 
Evoked potentials were not recorded before induction 
of anesthesia. 

After induction of anesthesia and intubation of the 
trachea, evoked potentials were acquired by simul- 
taneous stimulation of both posterior tibial nerves with 
constant current square wave pulses of 200-usec du- 
ration at a frequency of 5.2 pulses/sec. Stimulus in- 
tensity was 20 mA, which was supramaximal. 

The recorded signal was amplified 50,000 times and 
filtered between 5 and 250 Hz (—3 dB). An automated 
protocol was used that continuously recorded aver- 
ages from the three sites and stored them, together 
with the start and finish times of each average, on a 
Winchester disc for later analysis. High-voltage arti- 
facts were automatically rejected by the computer. 
The analysis time was 130 msec for tibial nerve and 
cortical recordings. A second digitizer with an anal- 
ysis time of 100 msec was used for the lumbar re- 
cordings because these were often contaminated with 
ECG artifact, which slowed the speed of acquisition. 
The average from 128 stimuli was used for each 
response. 

The peak latencies of the negative deflection in the 
tibial nerve and lumbar responses and of the first 
positive peak (P1), the first negative peak (N1) and 
the second positive peak (P2) on the scalp, and the 
P1-N1 amplitude were measured using on-screen 
cursors. Both individual patient and pooled data were 
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Figure 1. Temperature (mean + sD) before, during, and after car- 
diopulmonary bypass (CPB). NPT, nasopharyngeal temperature; 
RT, rectal temperature; MT, ‘ower limb muscle temperature. 


analyzed by linear regression analysis. In order to 
eliminate the effects of interpatient variability, changes 
in latency and amplitude from the postinduction val- 
ues were used for regression analysis. The paired Stu- 
dent’s t-test was used to test the significance of the 
differences between means. All results are reported 
as mean + SD. 


Results 


The average duration of CPB was 63 min (range 30-112 
min). Nasopharyngeal temperature decreased from 
35.6 + 0.46°C before bypass to 26.7 + 1.07°C over 
8-15 min, with an average rate of cooling of 1.0 + 
0.17°C/min. In all patients, changes in RT and MT 
lagged behind NPT and often had not reached a steady 
state when rewarming was started. Rectal tempera- 
ture decreased from 36.3 + 0.41°C before bypass to 
aminimum of 31.3 + 1.63°C, which often was reached 
only when NPT had returned to prebypass values. 
Lower limb muscle temperature decreased from 33.3 
+ 1.42°C before bypass to a minimum of 30.3 + 1.23°C, 
with a shorter time lag than RT. Average tempera- 
tures at various times during surgery are shown in 
Figure 1. 

Satisfactory cortical and tibial nerve evoked poten- 
tials were obtained throughout the procedure in all 
patients, but adequate lumbar potentials could be re- 
corded during CBP in only seven patients. After CPB, 
satisfactory lumbar recordings could not be acquired 
in four patients due to pacemaker interference. Typ- 
ical cortical and lumbar responses from one patient 
are shown in Figure 2. All latencies increased during 
hypothermia. Changes in temperatures, latencies, and 
P1-N1 amplitude from the same patient are shown 
in Figure 3. Mean absolute latencies and P1-N1 am- 
plitudes before CPB, at 28°C during cooling, at 28°C 
during rewarming, and at 35.5°C after bypass are given 
in Table 2. 
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Figure 2. Posterior tibial nerve somatosensory evoked potentials 
from one patient at different temperatures during cardiopulmonary 
bypass. Left: cortical responses. Right: lumbar spinal cord responses. 
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Figure 3. Changes in temperatures, cortical, lumbar, and tibial nerve 
latencies and P1-N1 amplitude before, during, and after cardio- 
pulmonary bypass in one patient. Abbreviations: NPT, nasopha- 
ryngeal temperature; RT, rectal temperature; MT, lower limb mus- 
cle temperature; P1, first positive cortical peak; N1, first negative 
cortical peak; P2, second positive cortical peak. Horizontal dashed 
line indicates postinduction values. 


Cortical latencies in individual patients were al- 
ways highly correlated with NPT during both cooling 
and rewarming, with correlation coefficients >0.9. The 
mean slope of the lines of best fit from the individual 
patients was for the P1 latency, — 1.14 msec/°C (95% 
confidence interval (CI) — 0.80 to — 1.49), and for the 
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Table 2. Latencies and Amplitudes of PTN-SSEPs before, during, and after Cardiopulmonary Bypass 


VAN RHEINECK LEYSSIUS ET AL. 





Prebypass Cooling (28°C) Rewarming (28°C) Postbypass 
Tibial nerve latency (msec) 11-1. = 0.96 1230 2 0.77 12.9 + 1.28 11.1 + 1.40 
Lumbar latency (msec) 27.3 + 1.80 31.7 + 0.86 33.2 + 1.97 — 
P1 latency (msec) 46.1 + 3.34 55.3 + 3.12 56.4 + 3.87 46.9 + 4.40 
N1 latency (msec) 55.8 + 3.76 69.7 + 3.30 69.8 + 4.26 56.2 + 4.41 
P2 latency (msec) 68.3 + 4.87 94.7 + 7.87 91.4 + 6.31 70.0 + 4.45 
P1-N1 amplitude (uV) L7 = 0:77 1.2 + 0.63 1.4 + 0.73 1.8 + 0.83 





Values are mean + sp. 


Abbreviations: PTN-SSEP, posterior tibial nerve somatosensory evoked potentials; P1, first positive cortical peak; N1, first negative cortical peak; P2, 


second positive cortical peak. 


N1 latency, — 1.65 msec/°C (95% CI —1.07 to — 2.23). 
The slope calculated from pooled data from all pa- 
tients was — 1.15 msec/°C for the P1 latency and ~ 1.64 
msec/°C for the N1 latency. Scattergrams of pooled 
data and lines of best fit of changes in tibial nerve, 
lumbar, and cortical P1 and P2 latencies against NPT 
are shown in Figure 4. 

Tibial nerve and lumbar latencies increased im- 
mediately after the start of CPB and correlated highly 
with NPT during cooling. However, the correlation 
was less during rewarming (Table 3). Correlation was 
poor (r < 0.6) between all latencies and RT and MT. 

Intrapatient variability of PI-N1 amplitude was 
large, with no correlation between amplitude and 
temperature. Mean arterial pressure, whether before, 
during, or after CPB, did not correlate with latency 
or amplitude at any recording site. 


Discussion 


Cortical PTN-SSEPs are widely used for intraoperative 
monitoring of spinal cord function. However, the la- 
tencies of these potentials are the sum of the con- 
duction time in the peripheral nerve, spinal cord transit 
time, and central conduction time, and are therefore 
less specific for monitoring spinal cord function than 
are PTN-SSEPs recorded directly from the spinal cord. 
Ideally, one should measure spinal cord conduction 
time only, by recording PTN-SSEPs from above and 
below the potential site of damage, e.g., lumbar and 
cervical recordings. However, because of a.very low 
signal/noise ratio, satisfactory thoracic and cervical- 
cord PTN-SSEPs cannot be recorded easily in the op- 
erating room from surface electrodes, and electrodes 
should be placed in the epidural space (12). Satisfac- 
tory lumbar spinal cord SSEPs can be recorded from 
surface electrodes. The large negative deflection and 
the waveform recorded over the T12-L1 interspace is 
thought to be closely related to the entry of the af- 
ferent volley in the spinal cord (13). 

Cortical SSEPs are influenced by anesthetic drugs 
and temperature changes. Anesthetic techniques suit- 


able for intraoperative spinal cord monitoring should 
not affect latencies or amplitudes once anesthesia is 
stabilized. Somatosensory evoked potential latencies 
are increased by isoflurane and enflurane (14). Ni- 
trous oxide diminishes median nerve SSEP ampli- 
tudes without affecting latencies (14,15). High-dose 
fentanyl anesthesia is an accepted technique for open 
heart surgery (16). With this technique volatile agents 
and nitrous oxide can be avoided. Low doses of fen- 
tanyl alter PTN-SSEPs when compared with preop- 
erative waking values (17). The influence of high doses 
of opioids on PTN-SSEPs has not yet been reported. 

In this study we were able to record reproducible 
PTN-SSEPs of high quality before, during, and after ` 
CPB. Latencies were stable in the period from induc- 
tion of anesthesia to the start of CPB. At the end of 
the operation, when temperatures had returned to 
prebypass values, latencies were not significantly dif- 
ferent from prebypass values (Table 2). 

A linear correlation, occurring during CPB, be- 
tween NPT and both short and long latency median 
nerve SSEPs has been described; although very vari- 
able, amplitudes generally declined with decreasing 
temperature (8). The central conduction time for me- 
dian nerve evoked potentials, defined as the N13—N20 
interpeak latency, has been shown to increase ex- 
ponentially with decreasing esophageal temperature 
(18). We found a linear correlation between PTN-SSEP 
latencies and temperature, but no correlation between 
amplitude changes and temperature. During cooling, 
latencies from the three recording sites were highly 
correlated with NPT. In the steady state, NPT is a 
good estimator of the temperature of mixed venous 
blood and highly perfused organs ‘such as the brain. 
However, during rapid temperature changes seen 
during CPB, NPT lags behind mixed venous blood 
temperature (19). 

Lower limb muscle temperature was used as an 
estimator of tibial nerve temperature. We had ex- 
pected that the increase in tibial nerve and lumbar 
spinal cord latencies would have better correlated with 
MT than with NPT. However, these latencies in- 
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creased immediately after the start of CPB, before MT 
had decreased. In four patients, NPT remained at 
steady state during CPB for longer than 30 min, whereas 
RT and MT continued to decrease. This continuing 
peripheral cooling was reflected by further increases 
in tibial nerve and lumbar latencies. The temperature 
of the peripheral nerve would therefore appear to be 
determined by both muscle temperature and the tem- 
perature of the blood perfusing the limb. At the start 
of cooling, tibial nerve temperature decreases initially 
parallel to NPT rather than MT. This is presumably 
due to the close anatomical association of nerve and 
femoral/popliteal artery. During rewarming, cortical 
latencies were highly correlated with NPT. However, 
there was a lower correlation between tibial nerve and 
lumbar latencies and any temperature. During the 
early phase of rewarming, when NPT was increasing, 
MT was still decreasing and was obviously influenc- 
ing nerve temperature and thus nerve conduction ve- 
locity. The latency prolongation of the cortical peaks 
is also the result of an increase in synaptic delay in 
the central nervous system. This is clearly demon- 
strated by the large increase in the P2 latency in re- 
lation to the P1 latency (Table 2, Fig. 3). 
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The relationship between latency and temperature 
has important implications for monitoring spinal cord 
function with PTN-SSEPs. During CPB under mod- 
erate hypothermia, a stable response suitable for 
quantitative monitoring of latencies can be achieved 
only when no temperature gradients exist between 
peripheral and central tissues. In this study, CPB lasted 
less than 2 hr, and equilibrium was not reached. Be- 
cause cortical peaks of PTN-SSEPs remained of high 
quality during moderate hypothermia, disappearance 
of the PTN-SSEPs or sudden gross latency prolon- 
gations may be used as an indication of impending 
damage to the spinal cord. When monitoring spinal 
cord function during procedures without CPB, e.g., 
scoliosis surgery, an intraoperative latency increase 
of more than 3 msec for the first positive cortical peak 
or a more than 50% decrease in P1-N1 amplitude is 
considered an indication for intervention (1). A de- 
crease in NPT of 2-3°C can prolong P1 latency by more 
than 3 msec. In this study, temperature changes were 

‘induced by central cooling or heating, and peripheral 
tissue temperature lagged behind central tempera- 
ture. This damped the temperature response of PTN- 
SSEPs. Inadvertent cooling during prolonged surgery 
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Table 3. Regression Coefficients from Pooled Data of Latencies and Amplitudes of PTN- SSEPs against Nasopharyngeal 


Temperature during Cardiopulmonary Bypass 








Cooling Rewarming Cooling plus Rewarming 
Slope’ r n Slope’ r n Slope’ r n 
Tibial nerve latency =0,71 0.87 206 -0.21 0.62 151 -0.21 0.73 424 
Lumbar latency -0.73 0.91 158 —0.52 0.64 79 —0.65 0.83 274 
P1 latency = 1:23 0.94 211 — 1.05 0.85 163 =1.15 0.89 448 
Ni latency —1.80 0.94 212 — 1.40 0.86 166 -1.64 0.90 452 
P2 latency =—3.54 0.96 190 Ze) 0.82 149 = 3.03 0.92 410 
P1-N1 amplitude 0.09 0.47 204 0.11 0.35 162 0.07 0.29 435 


Abbreviations: PTN-SSEP, posterior tibial nerve somatosensory evoked potentials; r, correlation coefficient; n, number of observations; P1, first positive 
cortical peak; N1, first negative cortical peak; P2, second positive cortical peak. 


*Latency slopes are msec/°C, amplitude slope is x V/°C. 


without CPB is a slow process in which gradients will 
be minimal. We hypothesize that latency increase/°C 
will be even greater in these operatioins than ob- 
served in this study. Any slowing of conduction in 
the peripheral nerve will be reflected in the cortical 
latencies. In these circumstances tibial nerve and lum- 
bar spinal cord SSEPs may give useful information on 
peripheral conduction delay. Correction should be 
made for observed latencies for the decrease in na- 
sopharyngeal temperature. 


The authors thank Mr C. Romijn for technical advice and assistance 
arid Miss L. Kolijn for preparation of the manuscript. 
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The Effect of Cimetidine on Anesthetic Metabolism and Toxicity 


Margaret Wood, MBChB, FFARCS, Jack Uetrecht, MD, PhD, James M. Phythyon, Mp, 
Sheila Shay, BS, Brian J. Sweetman, PhD, Omar Shaheen, MD, PhD, and 
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WOOD M, UETRECHT J, PHYTHYON JM, SHAY 5, 
SWEETMAN BJ, SHAHEEN O, WOOD AJ}. The effect of 
cimetidine on anesthetic metabolism and toxicity. Anesth 
Analg 1986;481~8. 


Because the H,-receptor antagonist cimetidine has been shown 
to inhibit drug metabolism, the effects of cimetidine on an- 
esthetic metabolism and toxicity were investigated in a rat 
model. Cimetidine decreased inorganic plasma fluoride pro- 
duction after methoxyflurane administration both in 21% 
oxygen (P < 0.001) and in 100% oxygen (P < 0.001). 
Phenobarbital produces an increased fluoride formation after 
methoxyflurane anesthesia, and this flouride formation is 
also reduced by cimetidine (P < 0.005). There was no sig- 
nificant difference between the plasma fluoride levels in rats 
anesthetized with halotnane or enflurane. Although cimet- 
idine inhibited the in vivo defluorination of methoxyflurane, 
fluoride levels were stili within the nephrotoxic range, and 
cimetidine ts not likely to play a role as part of a preanesthetic 
regimen that would permit the increased clinical use of me- 
thoxyflurane. Cimetidine also inhibited the oxidative me- 
tabolism of halothane; cimetidine decreased (P < 0.05) tri- 
fluoroacetic acid concertrations after halothane anesthesia 


The histamine H,-receptor antagonist cimetidine, 
through binding of its imidazole group to cytochrome 
P-450, has been shown to inhibit the metabolism of 
a number of drugs (1,2,3). Cimetidine is now widely 
prescribed for a large number of surgical patients for 
both anesthetic and nonanesthetic related indications, 
and the possibility exists for interaction between ci- 
metidine and the inhalation anesthetic agents. 

It is well-recognized that halothane-induced he- 
patic necrosis occurs when rats are pretreated with 
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in 21% oxygen and in 100% oxygen and decreased (P < 
0.05) bromide concentrations after halothane anesthesia in 
100% oxygen. Trifluoroacetic acid levels were less (P < 
0.02) after halothane anesthesia in 14% oxygen as compared 
with 100% oxygen, indicating a reduction in oxidative me- 
tabolism under hypoxic conditions. However, bromide con- 
centrations were maximal after halothane anesthesia in 21% 
oxygen, and significantly (P < 0.601) less after halothane 
anesthesia in 14% and 100% oxygen. Bromide production, 
therefore, seems to be inhibited by both hypoxia and hy- 
peroxia. Cimetidine decreased (P < 0.001) the severity of 
liver damage as assessed by histologic grading in the hy- 
poxia~enzyme induced rat model of halothane hepatotoxicity 
but had no effect in the triiodothyronine-model of halothane 
hepatotoxicity. Thus cimetidine appears to afford partial 
protection against halothane-induced hepatic necrosis in the 
phenobarbital-hypoxia rat model. 


Key Words: ANESTHETICS, INHALATION—halo- 
thane, enflurane, methoxyflurane. BIOTRANSFOR- 
MATION—metabolites, cimetidine. LIVER—hepa- 
totoxicity, metabolism. PHARMACOLOGY—cimet- 
idine. 


phenobarbital to produce enzyme induction and are 
then anesthetized with halothane under hypoxic con- 
ditions (phenobarbital-hypoxia model) (4,5). During 
normal oxygen conditions, halothane is metabolized 
via an oxidative pathway to trifluoroacetic acid (TFA) 
and bromide, whereas hypoxic conditions promote 
increased metabolism via a reductive route to fluo- 
ride, the exhaled metabolites, 2-chloro-1,1,1-trifluo- 
roethane (CTE) and 2 chloro-1,1-difluoroethylene (CDE) 
and to bromide. Both these pathways are P-450-de- 
pendent. Therefore, cimetidine might inhibit the me- 
tabolism of halothane by the oxidative and reductive 
pathways, the relative contributions of which would 
depend on the ambient oxygen concentration. The 
metabolism of halothane by the reductive pathway to 
reactive intermediates is thought to be a mechanism 
in the etiology of halothane hepatotoxicity. Because 
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cimetidine is a potent inhibitor of hepatic drug me- 
tabolism, we postulated that cimetidine might protect 
against halothane-induced hepatotoxicity. 

We have previously developed an animal model in 
which rats, pretreated with triiodothyronine (T3), de- 
velop hepatic necrosis after halothane anesthesia at 
normal (21%) oxygen concentration (T, model) (6). 
The phenobarbital-hypoxia and T, models of halo- 
thane hepatotoxicity exhibit fundamental differences: 
hypoxia is required for the phenobarbital—hypoxia 
model but not for the T; model, hepatic necrosis cor- 
relates with the reductive pathway to liberate fluoride 
in the phenobarbital-hypoxia model but not in the T; 
model, and starvation and feeding have important but 
opposite effects on the degree of toxicity in the two 
models (7). Therefore the potential exists for cimeti- 
dine to have a different effect on toxicity in the two 
models. 

The fluorinated ethers, methoxyflurane and en- 
flurane, are metabolized by an oxidative route to sev- 
eral metabolites, one of which is inorganic fluoride 
ion (8,9). Inorganic fluoride has been shown to be 
responsible for the acute polyuric renal lesion that 
occurs after methoxyflurane administration (10). En- 
zyme induction with phenobarbital increases the me- 
tabolism and production of fluoride from methoxy- 
flurane in rats and causes a parallel increase in 
nephrotoxicity (10,11). However, after enflurane 
anesthesia no increase in fluoride production occurs 
in phenobarbital-pretreated rats (12), although en- 
zyme induction increases in vitro fluoride liberation 
in isolated liver microsomes (8). In contrast, halothane 
undergoes minimal defluorination under norma! ox- 
ygen concentrations. 

The purpose of the present study was threefold: 
first, to determine the effect of cimetidine on the de- 
fluorination of the inhalation anesthetic agents, me- 
thoxyflurane, halothane, and enflurane; second, to 
determine the effects of cimetidine on the oxidative 
and reductive metabolism of halothane using the pro- 
duction of TFA as a probe of oxidative metabolism 
and fluoride production as an index of reductive me- 
tabolism; and third, to investigate the effect of ci- 
metidine on halothane hepatotoxicity and halothane 
metabolism in both the phenobarbital-hypoxia and 
T models of halothane hepatotoxicity. 


Methods 
Effect of Cimetidine on Anesthetic Defluorination 


A series of experiments were conducted to determine 
the effect of cimetidine on the defluorination of me- 
thoxyflurane, enflurane and halothane. Groups of male 
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Fischer 344 rats (100-125 g) received either cimetidine, 
180 mg/kg intraperitoneally, or saline 60 min before 
anesthesia. Groups of six to eight animals were then 
anesthetized in an airtight plexiglass chamber for 2 
hr with either 1.8% enflurane in 21% oxygen, 0.25% 
methoxyflurane in 21% oxygen, or 0.25% methoxy- 
flurane in 100% oxygen. Other groups of male Fischer 
344 rats received phenobarbital, 75 mg/kg intraperi- 
toneally, for 5 days and on the sixth day received 
either cimetidine, 180 mg/kg intraperitoneally, or sa- 
line 60 min before anesthesia. These rats were then 
anesthetized with 0.25% methoxyflurane in 21% ox- 
ygen for 2 hr. Groups of male Sprague-Dawley rats 
received either cimetidine, 180 mg/kg intraperito- 
neally, or saline 60 min prior to anesthesia with 1% 
halothane in 14% oxygen for 2 hr. All the rats were 
killed immediately after anesthesia, and estimations 
of plasma inorganic fluoride were carried out using 
an Orion fluoride ion electrode (Orion Research, 
Cambridge MA). 


Effect of Cimetidine on the Oxidative Metabolism of 
Halothane 


During normal ambient oxygen conditions, halothane 
is metabolized via the oxidative pathway to TFA and 
bromide, whereas enzyme induction and hypoxic 
conditions promote metabolism via the reductive route 
to fluoride, bromide, and the exhaled volatile metab- 
olites, CTE and CDE. Thus the purpose of the second 
group of experiments was to determine the effect of 
cimetidine on the oxidative metabolism of halothane 
under varying conditions of oxygenation. 

Groups of male Sprague-Dawley rats (100-125 g) 
received either saline or cimetidine (180 mg/kg intra- 
peritoneally) 60 min prior to anesthesia. Groups of 
6-8 animals were than anesthetized in an airtight 
plexiglass chamber for 2 hr with 1% halothane in 14,21, 
or 100% oxygen. After anesthesia, the rats received 
further doses of cimetidine (180 mg/kg intraperito- 
neally) or saline 1 hr and 5 hr after anesthesia. The 
rats received further doses of cimetidine during the 
postanesthetic period because preliminary experi- 
ments had shown that mean cimetidine concentra- 
tions after a single dose of cimetidine (180 mg/kg in- 
traperitoneally) were 3.5 + 0.43 ug/ml and 0.3 + 0.06 
ug/ml 1 and 2 hr after injection, respectively, indi- 
cating that cimetidine levels were below the thera- 
peutic range 2 hr after administration. All the rats 
were killed 8 hr after anesthesia, and blood samples 
were taken for the determination of TFA and bromide 
concentrations. 

Plasma TFA and bromide concentrations were de- 
termined by gas-chromatographic mass spectrometric 
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analysis after methylation with dimethylsulfate, using 
a modification of the method described by Maiorino 
et al. (13). An LKB-9000 GC/MS system coupled to a 
PDP-12A computer was used. The system had been 
modified so that selected ion monitoring software could 
control the accelerating voltage (~3 kV) via a Kepco 
programmable power supply. The ion source tem- 
perature was maintained at 200°C, ionization energy 
at 70 eV for electron impact ionization, and trap cur- 
rent at 60 wA. Using a gas tight syringe, headspace 
samples (500 yl) were injected onto a packed glass 
column, 2-mm inner diameter, 6-m length, containing 
Carbowax 400 on Porasil. Helium carrier gas flow was 
set to about 20 ml/min. The gas chromatograph was 
interfaced to the mass spectrometer using the stan- 
dard, two-stage stainless steel jet separator. For the 
analysis of bromide, a column temperature of 60°C 
was used, and the instrument was set to alternately 
monitor m/z 94 (CH3”? Br*) and m/z 96 (CH;°’Br*). 
The ratio of those two ions was used as a means of 
evaluating instrumental stability. For the analysis of 
TFA, a column temperature of 110°C was used, and 
the instrument was set to monitor m/z 59 (COOCH3"). 
No internal standard was used on either of these as- 
says, which required quantitation to be achieved with 
a concomitantly obtained standard curve containing 
ten different concentrations of bromide of TFA as ex- 
ternal standards in the range 0.02-4.0 mM. Separate 
experiments demonstrated intra and interassay vari- 
ations of less than 5%. 


Effect of Cimetidine on Halothane Hepatotoxicity 
and Metabolism 


A third group of experiments was conducted to de- 
termine the effect of cimetidine on halothane hepa- 
totoxicity and halothane metabolism in the pheno- 
barbital and T, rat models. Groups of male 
Sprague-Dawley rats (100-125 g) received phenobar- 
bital, 75 mg/kg intraperitoneally, for 5 days and on 
the sixth day received either cimetidine (180 mg/kg 
intraperitoneally) or saline 60 min before anesthesia. 
The animals were then anesthetized in groups of 6-8 
in an airtight plexiglass chamber with 1% halothane 
in 14% oxygen for 2 hr as previously described for 
the phenobarbital-hypoxia model of halothane hep- 
atotoxicity (6,7). The rats were either killed immedi- 
ately (for determination of plasma fluoride concen- 
trations) or 24 hr after anesthesia (for determination 
of plasma serum glutamic pyruvic transaminase con- 
centrations (SGPT) and hepatic histologic grading). 
Estimations of SGPT concentrations were performed 
by a quantitative colorimetric method (14) in rats killed 
24 hr after anesthesia. The rat livers were removed 
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for histologic grading, which we have previously de- 
scribed (6), by a pathologist who was unaware of the 
treatment received; a grade of 0 indicated that no 
lesion was present and a grade of 4+ indicated ex- 
tensive centrilobular necrosis present throughout the 
section (6). 

Further groups of rats were pretreated with pheno- 
barbital (75 mg/kg intraperitoneally) for 5 days and 
on the sixth day received either cimetidine (180 mg/kg 
intraperitoneally) or saline 60 min prior to anesthesia. 
These rats were then anesthetized for 2 hr with halo- 
thane in 14% oxygen. After anesthesia, the rats re- 
ceived further doses of cimetidine (180 mg/kg) or sa- 
line 1 and 5 hr after anesthesia. The rats were killed 
8 hr after anesthesia, and blood samples were taken 
for determination of plasma TFA and bromide con- 
centrations as described above. 

In order to evaluate the effects of cimetidine on 
urinary fluoride excretion in the phenobarbital- 
hypoxia model of halothane hepatotoxicity, further 
groups of rats were assigned to one of four groups. 
The rats in group 1 were control rats who received 
no pretreatment, no cimetidine, and no anesthesia. 
Rats in group 2 received saline for 5 days, no cimet- 
idine, and on the sixth day they were anesthetized 
with 1% halothane in 14% oxygen for 2 hr. Rats in 
group 3 and 4 received phenobarbital, 75 mg/kg, for 
5 days and on the sixth day received either cimetidine, 
180 mg/kg intraperitoneally, (group 3) or saline (group 
4) 60 min before anesthesia. Rats in groups 3 and 4 
were anesthetized with 1% halothane in 14% oxygen 
for 2 hr. The rats in groups 3 and 4 received further 
doses of cimetidine (group 3) or saline (group 4) 1 
and 5 hr after anesthesia. The rats in all groups were 
placed in metabolic cages immediately after anes- 
thesia and urine was collected for 24 hr for the mea- 
surement of urinary fluoride excretion. Inorganic 
fluoride was measured using the Orion ion-specific 
electrode. 

The effect of cimetidine on halothane hepatic tox- 
icity and metabolism in the T model was determined 
using groups of male Sprague—Dawley rats (100-125 
g) who received 5 mg-kg~‘.day~! of T} or the same 
volume of the vehicle for T, injection (intraperito- 
neally) for 5 days (6,7). On the sixth day, the rats 
were pretreated with cimetidine (180 mg/kg intraper- 
itoneally) or saline 60 min before anesthesia. The rats 
were anesthetized for 2 hr with halothane, 1%, in air 
(21% oxygen concentration). The rats were then killed 
4 hr after anesthesia, and blood samples were taken 
for estimations of SGPT concentrations. The livers 
were removed for histologic grading as previously 
described (6). Further groups of rats pretreated with 
T for 5 days received cimetidine (180 mg/kg intra- 
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peritoneally) or saline 60 min before anesthesia. The 
rats were then anesthetized with 1% halothane in air 
for 2 hr. After anesthesia, the rats received further 
doses of cimetidine or saline, 1 and 5 hr after anes- 
thesia. The rats were killed 8 hr after anesthesia and 
blood samples taken for the determination of plasma 
TFA and bromide concentrations. 

Rats were killed at different times after anesthesia 
for a number of reasons. Maximal biochemical and 
histologic damage is observed 4 hr after halothane 
anesthesia in the T} model (6), whereas in the pheno- 
barbital-hypoxia model only minimal damage is seen 
in the early postanesthetic period (4,5). Therefore, the 
rats were killed 4 hr after halothane anesthesia when 
studying the T; model and 24 hr after anesthesia when 
investigating the phenobarbital—hypoxia model. Mea- 
surement of plasma fluoride levels was carried out 
immediately after anesthesia in order to obtain max- 
imum elevation of this parameter (7). Rats were killed 
8 hr after anesthesia for determination of TFA and 
bromide concentrations because preliminary obser- 
vations had indicated that during the time period 8-12 
hr postanesthesia, TFA and bromide concentrations 
are maximally elevated. These observations are in 
keeping with the findings of other workers (13). 

The results from the three series of experiments 
were analyzed using Student's t-test for unpaired data 
or the Wilcoxon nonpaired rank sum test when ap- 
propriate. P < 0.05 was taken as the minimal level of 
significance. 


Results 
Effect of Cimetidine on Anesthetic Defluorination 


The effects of cimetidine on anesthetic in vivo de- 
fluorination are shown in Table 1. Cimetidine signif- 
icantly (P < 0.001) decreased inorganic plasma fluo- 
ride levels after methoxyflurane anesthesia under both 
21 and 100% oxygen, and in addition, also signifi- 
cantly reduced (P < 0.005) the increased fluoride for- 
mation produced by phenobarbital pretreatment. 
However, cimetidine had no significant effect on the 
plasma fluoride levels in rats that were anesthetized 
with either halothane or enflurane. 


Effect of Cimetidine on Oxidative Metabolism of 
Halothane 


Table 2 shows the effect of varying oxygen conditions 
of TFA production from halothane. Production of TFA 
after halothane anesthesia was not significantly dif- 
ferent in 21% oxygen as compared to 100% oxygen, 
but mean plasma TFA concentrations were signifi- 
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Table 1. The Effect of Cimetidine on Mean 
Plasma Fluoride Concentrations Immediately — 
after Anesthetic Exposure 


Fluoride in wm 


Pretreatment and anesthesia n (mean + SEM) 
Saline, methoxyflurane, 21% O, 25 13.04 + 0.22 
Cimetidine, methoxyflurane, 21% O, 25 10.92 + 0.274 
Saline, methoxyflurane, 100% O, 25 13:52 0.25 
Cimetidine, methoxyflurane, 100% O- 26 10.64 + 0.28 
Phenobarbital, saline, 26 111.77 + 2.83 

methoxyflurane, 21% O, 
Phenobarbital, cimetidine, 25 94.00 + 4.45” 
methoxyflurane, 21% O- 
Saline, enflurane, 21% O- 19 13.46 + 0.71 
Cimetidine, enflurane, 21% O- 19 12.19 + 0.53 
Saline, halothane, 14% O 2 10 3.61 + 0.35 
Cimetidine, halothane, 14% O} 9 3.11 + 0.28 
Saline, 14% O, 23 2.95 + 0.15 
Cimetidine, 14% O; 25 2.43 + 0.22 


See Methods section for full explanation of medication. 
“P < 0.001, compared with saline-pretreated rats. 
’P < 0,005, compared with saline-pretreated rats. 


cantly less (P < 0.02) after halothane anesthesia in 
14% oxygen as compared to 100% oxygen, indicating 
a reduction in oxidative metabolism under hypoxic 
conditions. 

The effect of oxygenation on bromide production 
from halothane is also shown in Table 2. Mean plasma 
bromide concentrations were maximal after halothane 
anesthesia in 21% oxygen, but were significantly less 
after anesthesia in 14 (P < 0.001) and 100% (P < 0.001) 
oxygen when compared to 21% oxygen concentra- 
tions. These results imply that bromide production 
may be inhibited by both hypoxia and hyperoxia. 

The effects of cimetidine on the oxidative metab- 
olism of halothane are shown in Table 2. Cimetidine 
decreased the production of both TFA and bromide 
from halothane under all conditions, but this decrease 
reached statistical significance for TFA only after halo- 
thane anesthesia in 21 and 100% oxygen and for bro- 
mide only during halothane anesthesia in 100% ox- 
ygen. These results imply significant inhibition of 
oxidative metabolism by cimetidine. 


The Effect of Cimetidine on Halothane 
Hepatotoxicity 


The effects of cimetidine on halothane hepatotoxicity 
in the phenobarbital-hypoxia model are shown in Ta- 
ble 3. Cimetidine significantly decreased the histo- 
logic severity of the lesion (P < 0.001) 24 hr after 
halothane anesthesia, but the decrease in SGPT con- 
centrations was not significant. Inorganic plasma 
fluoride levels measured immediately after anesthesia 
were elevated, in keeping with previous work (7). 
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Table 2. The Effect of Oxygenation and Cimetidine on Oxidative Halothane Biotransformation 








TFA in yM Bromide in yM 
Pretreatment and anesthesia n (mean + SEM) (mean + SEM) 
1% Halothane, 14% O, no cimetidine 10 437.5 + 23.6 667.5 + 58.5 
1% Halothane, 14% O, cimetidine 10 387.6 + 21.4 555.0 + 40.3 
1% Halothane, 21% O, no cimetidine 10 591.4 + 31.2 1220.4 + 70.4 
1% Halothane, 21% O, cimeticine 10 501.7 + 24.7 1135.0 + 107.9 
1% Halothane, 100% O, no cimetidine 10 542.24 32.1% 799.7 + 48.07 
1% Halothane, 100% O, cimetidine 10 413.4 + 52.4 660.9 + 39.3 


See Methods section for full explanation of medication. 
Abbreviation: TFA, trifluovoacetic acid. 
*P < 0.05, compared with cimet:dine-pretreated rats. 


However, there was no significant difference between 
the mean plasma fluoride levels in phenobarbital-pre- 
treated rats that had received cimetidine (n = 7; 15.76 
+ 1.33 uM) and phenobarbital-pretreated rats that 
did not receive cimetidine (n = 9; 12.87 + 0.84 uM). 
The effect of cimetidine on 24-hr urinary fluoride pro- 
duction in the phenobarbital—hypoxia model is shown 
in Table 4. There was no significant difference be- 
tween urinary fluoride production in cimetidine- or 
noncimetidine-pretreated rats, although the expected 
increase in fluoride production associated with en- 
zyme induction and halothane anesthesia under hy- 
poxic conditions was observed. Thus we were unable 
to detect an effect of cimetidine on the reductive me- 
tabolism of halothane, as assessed by plasma and uri- 
nary fluoride production. Table 5 shows the effect of 
cimetidine on halothane hepatotoxicity in the T; model. 
Cimetidine had no significant effect on the histologic 
severity of the lesion or SGPT concentrations in the 
T model, indicating that cimetidine produced no pro- 
tection against hepatic necrosis. 

The effects of cimetidine on halothane metabolism 
in both the T; and phencebarbital-hypoxia models of 
hepatotoxicity are shown in Figures 1 and 2. Figure 
1 shows first, the effect of T; on oxidative halothane 
metabolism and second, the effect of cimetidine on 
oxidative halothane metabolism in the T, model. Ox- 
idative metabolism was markedly reduced in the T, 
model; mean plasma bromide concentrations were 
1220.4 + 70.4 uM in vehicle-pretreated rats anesthe- 
tized with 1% halothane in 21% oxygen for 2 hr com- 
pared to 550.0 + 33.2 aM in rats pretreated with T; 
and anesthetized with 1% halothane in 21% oxygen 
(P < 0.001). Similarly, mean plasma TFA concentra- 
tions were significantly (P < 0.001) less in T3-pre- 
treated rats anesthetized with halothane in 21% ox- 
ygen (268.7 + 19.8 uM) than in saline-pretreated rats 
anesthetized with halothane in 21% oxygen (591.4 + 
31.3 aM). However, there was no significant reduc- 
tion by cimetidine in mean plasma TFA or bromide 
concentrations in the T; model. 


Table 3. The Effect of Cimetidine on Halothane 
Hepatotoxicity in the Phenobarbital~Hypoxia Model 
in Rats 


Pretreatment Histologic score SGPT in U/L 
and anesthesia n (mean + SEM) (mean + SEM) 
Phenobarbital, 15 0.87 + 0.15 57.65 + 3.28 
cimetidine, 
1% halothane, 14% O- 
Phenobarbital, saline, 18 1.78 + 0.107 60.94 + 2.78 


1% halothane, 14% O- 


See Methods section for full explanation of medication. 
“P < 0.001, compared with cimetidine-pretreated rats 


Figure 2 shows the effect of cimetidine on halo- 
thane metabolism in the phenobarbital-hypoxia model 
of hepatotoxicity. There was no significant difference 
in either mean plasma TFA or bromide concentrations 
in control phenobarbital-pretreated rats (TFA = 1338.0 
+ 94.6 uM; bromide = 2320.0 + 121.2 uM) or ci- 
metidine phenobarbital-pretreated rats (TFA = 1315.0 
+ 56.8 uM; bromide = 2720.0 + 172.5 uM), indi- 
cating that cimetidine: does not significantly inhibit 
oxidative halothane metabolism in the phenobarbi- 
tal-hypoxia model. Phenobarbital pretreatment sig- 
nificantly (P < 0.001) increased mean plasma TFA 
concentrations from 437.5 + 23.6 to 1338.0 + 94.6 
pM and mean plasma bromide concentrations from 
667.5 + 58.5 to 2320.0 + 121.2 uM (Fig. 2), indicating 
that, as expected, phenobarbital enzyme induction 
increased both oxidative and reductive metabolism. 


Discussion 


The results presented in this study indicate that ci- 
metidine, an H2-receptor antagonist that also inhibits 
drug metabolism, does not inhibit anesthetic defluor- 
ination in a manner. that might have clinical appli- 
cation. Cimetidine did not significantly inhibit the in 
vivo defluorination of enflurane or halothane. Al- 
though Fischer 344 rats treated with phenobarbital 
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Table 4. Urinary Inorganic Fluoride Production in the 
Phenobarbital-Hypoxia Model 





Urinary inorganic 
fluoride in yg/24 hr 


Pretreatment and anesthesia n (mean + SEM) 
Saline, no anesthesia 10 23.82 + 2.05 
Saline, no cimetidine, 8 27.41 + 2.02 

halothane, 14% O, 

Phenobarbital, no cimetidine 10 39.25 + 3.68 
halothane, 14% O, | 
Phenobarbital, cimetidine 8 37.21 + 2.89 


halothane; 14% O- 


see Methods section for full explanation of medication. 
Rats receiving cimetidine were given cimetidine, 180 mg/kg intraperi- 
toneally 60 min before anesthesia, and 1 and 5 hr after anesthesia. 


and cimetidine and then anesthetized with methoxy- 
flurane had statistically significantly lower serum 
fluoride levels than rats not treated with cimetidine, 
the levels were still within the nephrotoxic range (10). 
Thus it appears unlikely that the use of cimetidine as 
part of an anesthetic regimen would allow safe in- 
creased clinical use of methoxyflurane. Clinical stud- 
ies by Yeager et al. showed no significant difference 
in serum fluoride levels from patients anesthetized 
with enflurane after cimetidine administration com- 
pared with fluoride levels in patients who did not 
receive cimetidine (15). 

` We have demonstrated that cimetidine reduces the 
oxidative metabolism of halothane, probably through 
inhibition of cytochrome P-450, and that this is not 
significant during hypoxic halothane anesthesia when 
metabolism is shunted toward the reductive pathway. 
Plummer et al., using serum bromide concentrations 
as an index of oxidative metabolism, suggested that 
cimetidine does not inhibit the oxidative metabolism 
of halothane (16). Bromide is.a product of both the 
oxidative and reductive pathways of halothane me- 
tabolism, so that measurement of bromide concen- 
trations does not provide definitive information of the 
oxidative pathway under all conditions. In addition, 
Plummer et al. only determined bromide concentra- 
tions after halothane anesthesia under hypoxic con- 
ditions, which might have obscured alteration in the 
oxidative pathway, whereas in our studies, bromide 
concentrations were determined under varying con- 
ditions of oxygenation. In addition, in our study serum 
TFA, which is produced solely from the oxidative 
pathway, was also used as an index of oxidative 
metabolism. 

We were unable to detect inhibition of reductive 
metabolism by cimetidine in the hypoxic enzyme-in- 
duced Sprague—Dawley rat model of halothane hepa- 
totoxicity, as assessed by both plasma fluoride con- 
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Table 5. The Effect of Cimetidine on Halothane 
Hepatotoxicity in the T; Model in Rats 


Pretreatment and Histologic score SGPT U/L 
anesthesia n (mean + SEM) {mean £ SEM) 
T3, no cimetidine, 1% 7 2.0 + 0.3 539.8 + 217.7 
halothane, 21% O, 
Ts, cimetidine, 1% 5 1.9 + 0.4 964.3 + 260.9 


halothane, 21% O, 


See Methods section for full explanation of medication. 
Abbreviation: T3, triiodothyronine. 


centration immediately after anesthesia and cumulative 
24-hr urinary fluoride excretion. In contrast, Plummer 
et al. demonstrated that a smaller dose (120 mg/kg) 
of cimetidine reduced posthalothane urinary fluoride 
excretion (16). Not only was our initial dose of ci- 
metidine larger (180 mg/kg), but we also gave two 
more doses of cimetidine because preliminary exper- 
iments showed that the cimetidine level was reduced 
to 0.3 ug/ml 2 hr after administration of the first dose. 
Plummer et al. demonstrated that cimetidine inhib- 
ited volatile metabolite exhalation (16), which is also 
thought to be an index of reductive metabolism. Vol- 
atile metabolism exhalation may be a more sensitive 
measure of reductive halothane metabolism than uri- 
nary fluoride excretion because not all of the urinary 
fluoride is derived from halothane metabolism. Fur- 
thermore, the more sustained cimetidine concentra- 
tion produced in our study may inhibit the renal clear- 
ance of fluoride because cimetidine has been shown 
to increase serum creatinine (17). Therefore, although 
we were unable to demonstrate that cimetidine, 180 
mg/kg, inhibited the reductive metabolism of halo- 
thane in the phenobarbital—hypoxia model of halo- 
thane liver toxicity, the study of Plummer et al. was 
able to provide evidence that cimetidine, 120 mg/kg, 
inhibited the reductive metabolism of halothane. 

The effect of cimetidine on halothane bictransfor- 
mation at different inspired oxygen concentrations 
was interesting. As expected, we demonstrated that 
hypoxia resulted in reduced oxidative metabolism with 
consequent decreased TFA production. However, ox- 
idative metabolism appeared to be inhibited by hy- 
peroxia as well. Although the decrease in TFA did 
not reach statistical significance and the decrease in 
bromide could be explained by a decrease in the re- 
ductive pathway, the reductive pathyway should be 
an insignificant source of bromide even at 21% oxy- 
gen, and together the results suggest that hypoxia 
inhibits the oxidative metabolism of halothane. 

Cimetidine has been shown to protect against ac- 
etaminophen hepatotoxicity in mice, presumably be- 
cause of inhibition of the hepatic microsomal mon- 
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Figure 1. The effect of cimetidine on the oxidative metabolism of 
halothane in the T; model. 


oxygenase system (18). However, cimetidine appeared 
to be less effective than N-acetyl cysteine. Both this 
study and the previous one by Plummer et al. (16) 
now demonstrate that cimetidine also partially pro- 
tects against halothane hepatotoxicity in the pheno- 
barbital-hypoxia rat medel, possibly because of in- 
hibition of reductive metabolism of halothane. 
However, cimetidine did not provide protection against 
hepatic necrosis in the T; rat model. This finding is 
consistent with our previous observations that pro- 
duction of toxic metabolites by either the reductive or 
oxidative pathways does not seem important in the 
mechanism of halothane hepatotoxicity in the T; model 
(7). The effects of cimetidine on oxidative halothane 
metabolism in the T} model indicate that oxidative 
metabolism is markedly reduced in the T model and 
that cimetidine has no further effect. Smith has also 
shown that TFA urinary production is decreased in 
hyperthyroid rats after halothane anesthesia, which 
is in keeping with our results (19). We have previously 
demonstrated that T3-pretreatment decreases cyto- 
chrome P-450 in male rats and that a further decrease 
occurs with halothane anesthesia (6). Thus it is in 
keeping with these findings that TFA and bromide 
production is reduced in the T, model. In the phen- 
obarbital—hypoxia model both oxidative and reductive 
metabolism are increased, as assessed by an increase 
in TFA, bromide, and plasma and urinary fluoride 
concentrations. 
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Figure 2. The effect of cimetidine on the oxidative metabolism of 
halothane in the phenobarbital-hypoxia model. 


In summary, we have demonstrated that cimeti- 
dine produced a significant decrease in methoxyflur- 
ane defluorination, but this finding probably has little 
clinical significance. In contrast, it was more difficult 
to demonstrate that cimetidine decreases halothane 
defluorination; however, there is other evidence that 
cimetidine reduces fluoride production from halò- 
thane under conditions of enzyme induction and hy- 
poxia (16), which agrees with our finding that ci- 
metidine reduced halothane hepatotoxicity in the 
phenobarbital—hypoxia rat model. The. clinical im- 
portance of this observation is uncertain, because ci- 
metidine did not decrease halothane hepatotoxicity 
in the T; animal model, and it is unknown whether 
either model is predictive of halothane hepatotoxicity 
in humans. In addition, cimetidine inhibited the ox- 
idative metabolism of halothane in both 21% and 100% 
oxygen. Our studies also confirm that hypoxia re- 
duces the oxidative biotransformation of halothane. 
One unexpected and intriguing observation was that 
bromide liberation, which is produced by the oxida- 
tive pathway, and only to a minor extent by the 
reductive pathway, appears to be inhibited by hy- 
peroxia as well as hypoxia. 
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of Ganglionic Transmission 
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HIGASHI H, SHIMOJI K. Naloxone attenuates hypoxic 
depression of ganglionic transmission. Anesth Analg 
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The effect of tne opioid antagonist naloxone on hypoxia- 
induced blockade of synaptic transmission in the superior 
cervical ganglion (SCG) of the rat was studied in vitro. 
Naloxone (6 = 10~°M or more) attenuated the hypoxia- 
induced blockade of synaptic transmission in the SCG. In 


The opioid antagonist naloxone has been reported to 
have a protective effect in several types of shock and 
ischemia or hypoxemia (1-3), suggesting that endo- 
genous opioid systems are involved in the pathogen- 
esis of responses to these insults (3). Opioid receptor 
sites in the central nervous system (CNS) have also 
recently been demonstrated to be involved in media- 
tion of the effects of endorphins in the presence of 
ischemia or hypoxemia (4). The effects of naloxone 
on the CNS could also be mediated at least in part 
through the autonomic nervous system (ANS). More- 
over, enkephalin-positive fibers have recently been 
observed by immunohistochemical study to be pres- 
ent in mammalian sympathetic ganglia (5). This might 
imply involvement of enkephalin in synaptic trans- 
mission in these ganglia. Electrophysiologic in vitro 
investigations have disclosed that enkephalin produces 
postsynaptic hyperpolization and presynaptic inhi- 
bition of transmitter release in various autonomic gan- 
glia, and that these actions of enkephalin are antag- 
onized by naloxone (6-9). However, little is known 


Received from the Department of Anesthesiology, Niigata Uni- 
versity School of Medicine, Niigata, and the Department of Phys- 
iology, Kurume University School of Medicine, Kurume, Japan. 
Accepted for publication December 20, 1985. 

Address correspondence to Dr. Shimoji, Professor and Chair- 
man, Department of Anesthesiology, Niigata University School of 
Medicine, Asahi-machi 1, Niigata 951, Japan. 

This study was supported bv a grant (#352130040158) from the 
Ministry of Education, Japan. 


addition, in the concentrations studied, naloxone itself had 
a blocking effect on ganglionic transmission that involved 
terminal sites of the preganglionic axons. These data suggest 
that the protective effect of higher doses of naloxone on the 
hemodynamic responses to hypoxemia or ischemia may orig- 
inate at least in part from the attenuating effect of naloxone 
on the hypoxta-induced blockade of ganglionic transmission. 


Key Words: HYPOXIA, GANGLIONIC TRANSMISSION— 
naloxone. ANTAGONISTS, Narcotic—naloxone. 


about the effect of naloxone on the ANS in the pres- 
ence of ischemia or hypoxemia. 

In this study we explored the in vitro effect of nal- 
oxone on the hypoxic depression of ganglionic trans- 
mission using the superior cervical ganglion (SCG) of 
the rat (10). 


Methods 


The SCG was removed from decapitated Wistar rats, 
decapsulated, and immersed in Krebs solution main- 
tained at 30-32°C within an airtight incubation cham- 
ber (0.3 x 0.3 x 0.6 mP) and superfused at a rate of 
2 ml/min (10). The composition of the Krebs solution 
was the following: NaCl, 117.0 mM; KCI, 4.7 mM; 
CaCh, 2.5 mM; MgCl, 1.2 mM; NaHCOs, 25.0 mM; 
NaHPO,, 1.2 mM; and glucose, 11.0 mM. The so- 
lution was aerated with 95%O,—5% CO, when studies 
were made in the nonhypoxic state. Supramaximal 
stimuli were delivered to the preganglionic (cervical 
sympathetic) nerve via a pair of electrodes imbedded 
in glycerol (Fig. 1). 

Compound action potentials (CAPs) were recorded 
by a pair of glycerol-insulated electrodes attached to 
the internal carotid (postganglionic) portion of the 
ganglion. The signal was differentially amplified (0.5 
Hz to 30 KHz), displayed on a storage oscilloscope 
(Nihon-Kohden VC-10), and recorded on a recticorder. 

When the ganglion was made hypoxic, the super- 
fusate was switched to the Krebs solution and equil- 
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Figure 1. Schematic presentation of experimental arrangements. 
Locations of stimulating and recording electrodes could be moved 
by pulling the threads attached to the pre- or postsynaptic nerve 
trunks. 


ibrated with 95% N2-5% CO,, for 15 min. The ganglion 
was then allowed to recover in normal Krebs solution 
saturated with 95% O,.-5% CO, . The effect of naloxone 
in concentrations of 6 x 1077, 3 x 10°§, 
6 x 1076, and 3 x 1075 M was tested in both oxy- 
genated and hypoxic solutions. 

The results are expressed as mean values + SEM. 
Statistical significance of observed responses was cal- 
culated from the differences between nonpaired ob- 
servations using Student’s f-test; a P value less than 
0.05 was accepted as statistically significant. 


Results 


In preliminary experiments, we tested the time-course 
and degree of the hypoxic depression of synaptic 
transmission in the SCG after switching from the ox- 
ygenated solution (PaO2, 550 + 3 torr; mean + SEM) 
to the hypoxic solution (Pao2, 21.5 + 1.2 torr). The 
postganglionic CAP almost disappeared after a 15- 
min exposure to hypoxia and completely recovered 
after reoxygenation (Fig. 2). 

Naloxone at 6 x 107° M or higher suppressed the 
postganglionic CAP and at the same time reduced the 
decrease in the postganglionic CAP during hypoxia 
(Fig. 2, Table 1). The recovery of CAP, however, was 
prolonged by naloxone (17 + 3 min with 6 x 1076 
M and 27 + 4 min with 3 x 1075 M, compared with 
9 + 4 min without naloxone) (P < 0.05 and P < 0.01, 
respectively). Lower concentrations of naloxone (6 X 
1077 M and 3 x 1076 M) had no significant effect on 
either ganglionic transmission or its hypoxic depres- 
sion (Table 1). 

When the recording electrodes were located near 
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Figure 2. The effect of naloxone on hypoxic depression of the syn- 
aptic transmission in rat superior cervical ganglion. The records 
depicted are the continuous recticorder records of the CAP of the 
postganglionic trunk (the internal carotid nerve) in response to the 
supramaximal stimulation of the preganglionic (cervical sympa- 
thetic} trunk at 1 Hz. a, without naloxone; b, treated with naloxone, 
6 x 1076 M; c, treated with naloxone, 3 x 1075 M. A, before 
naloxone; B, after naloxone (starting 10 min after exposure to 
naloxone). 


the ganglion, the postganglionic CAP was usually 
preceded by a small monophasic potential in ampli- 
tude of approximately 10 uv. This potential was evoked 
by pre- but not by postganglionic fiber stimulation. 
Application of d-tubocurarine (dTC), 1 x 1074 M, 
which could completely block nicotinic transmission 
in the SCG (11), eliminated the postganglionic CAP 
evoked by the orthodromic stimulation, but did not 
significantly affect either this small monophasic po- 
tential elicited orthodromically or the CAP produced 
antidromically by the postganglionic fiber stimula- 
tion. Thus this small monophasic potential is thought 
to reflect the action potentials of the presynaptic nerve 
terminal (10), as previously described in the frog sym- 
pathetic ganglia (12). Naloxone, 6 x 107° M, revers- 
ibly blocked this presynaptic action potential (Fig. 3B), 
whereas the 15-min hypoxic insult suppressed it sig- 
nificantly less (Fig. 3D). Amplitude of the presynaptic 
potential after 6 x 107° M naloxone averaged 12 + 
7% (P < 0.001; n = 5) of the control value; after 15 
min of hypoxia the presynaptic action potential av- 
eraged 88 + 5% (P < 0.05; n = 5) of the prehypoxic 
value. 


Discussion 


The present study demonstrates that doses of nal- 
oxone that block ganglionic transmission attenuate 
the depressive effect of hypoxia on SCG transmission. 
It has been reported that naloxone at relatively low 
concentrations (=1-1.5 x 107° M) antagonizes the 
depressant effect of enkephalin on synaptic trans- 


NALOXONE EFFECT ON HYPOXIC GANGLIONIC BLOCKADE 


Table 1. Effects of Naloxone on the Postganglionic 
Compound Action Potentials (PGCAP) of the Rat 
Superior Cervical Ganglion under Normoxic and 
Hypoxic Conditions 


Naloxone concentration (M) 


6x 107 3:10" 6x107 3x107 
PGCAP (% control) 
Normoxia 101 + 18 96 + 7 88 + 3° 66 + 5° 
(5) (7) (7) (5) 
Hypoxia 4x5 9+7 61 e ha 56. a 4? 
(5) (6) (6) (5) 


Mean + SEM. 

‘Number of preparations is presented in parentheses. 
bP < 0.05 

‘P < 0.001 

iP < 0.01 


mission in peripheral autonomic ganglia (6-9). In ad- 
dition, the present study demonstrates that higher 
doses (=6 x 1076 M) of naloxone itself inhibit gan- 
glionic transmission. This dual action of naloxone might 
account for a partial agonistic effect of naloxone on 
opioid receptors in the rat SCG. However, this seems 
unlikely for the following reasons: First, lower con- 
centration of naloxone had no inhibitory effect on the 
postganglionic CAPs. Second, the present results 
demonstrate that the blocking action of higher doses 
of naloxone on ganglionic transmission was due to 
inhibition of the presynaptic action potentials. 

The protective effect of naloxone on the hypoxic 
depression has been previously demonstrated in the 
-CNS, presumably a result of the antagonistic effect of 
naloxone on the endogenous opioids in the CNS (13, 
14). We could demonstrate in the present study that 
a similar mechanism prevails in the ANS, because 
lower concentrations of naloxone (=3 x 1076 M) sig- 
nificantly affected neither ganglionic transmission nor 
its hypoxic depression. However, it is conceivable that 
naloxone not only antagonizes the endogenous opioids 
in the ganglion, but also blocks the preganglionic ter- 
minal to protect it from the rapid decrease in the con- 
centration of acetylcholine stores caused by hypoxia. 
Lipton and Whittingham (15) also suggested that in 
the in vitro hippocampal preparation, neurotrans- 
mitter disruption would be responsible for the failure 
of evoked potentials during hypoxia. The present re- 
sults showing that the transsynaptic activity (the post- 
ganglionic CAP) was more sensitive to hypoxia than 
the presynaptic action potential indirectly support the 
idea that the depressant action of hypoxia on the gan- 
glionic transmission is due to failure of the presyn- 
aptic release of neurotransmitter rather than its block- 
ing effect on the action potential of the preganglionic 
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nerve terminal. The block of ganglionic transmission 
produced by higher concentrations of naloxone could 
also be the cause of the delayed recovery of the post- 
synaptic CAP from hypoxia in the presence of the 
drug. 

The inhibitory effect of naloxone on synaptic trans- 
mission was also found in the SCG of the cat and 
rabbit by Kosterlitz et al. (16). They postulated that 
the action of a high concentration of naloxone such as 
27.5 x 107° M is nonspecific. Our findings demon- 
strate that even a more moderate dose of naloxone, 
6 x 1076 M, can inhibit ganglion transmission in the 
SCG of the rat. On the other hand, Forbes and Dewey 
(17) reported that naloxone had no effect on ganglion 
transmission of the rat SCG at concentrations up to 
50 x 107° M. The inconsistencies in these reports 
could be due to differences in either the time of ex- 
posure to naloxone or the decapsulation techniques. 

The present results have also demonstrated that 
hypoxia preferentially depresses synaptic transmis- 
sion rather than spikes signal conduction in the pre- 
synaptic terminal. 

Few data are available on the effect of hypoxia on 
synaptic transmission in the SCG (18,19). Whether 
failure of transmission within the CNS due to hypoxia 
takes place at pre- or postsynaptic levels remains con- 
troversial (20-23). The most recent research on the 
effect of hypoxia on the CNS has been in in vivo 
models. Secondary changes such as disturbances of 
microcirculation or accumulation of metabolites must 
be considered in the in vivo studies and may account 
in part for the discrepancies concerning the hypoxic 
effect on CNS synaptic transmission (24). 

The concentration of naloxone, 6 x 107° M, that 
had a significant attenuating effect on the hypoxic 
depression of the postganglionic CAP in the present 
study exceeds that achieved in clinical practice (6 x 
1077 — 3 x 107° M) but is in the range of concen- 
trations (6 x 1076 — 3 x 107° M) attained in the 
studies in rats by Holaday et al. on the effect of nal- 
oxone in shock (1-4). Differences in naloxone doses 
among species and preparations must be considered 
in this regard. Controversial data regarding the ef- 
fectiveness of naloxone in shock in animals and in 
clinical studies (25) may result from species differ- 
ences as well as differences in doses of naloxone used. 

Although a more detailed study of underlying 
mechanisms of the attenuating effect of naloxone on 
the hypoxic depression of ganglionic transmission is 
necessary, the effect of naloxone on the sympathetic 
ganglion as demonstrated in the present study might 
contribute at least in part to the protective or thera- 
peutic effect of naloxone on hemodynamic responses 
to ischemia or hypoxemia. 
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Figure 3. Effect of naloxone on the ac- 
tion potential of presynaptic nerve ter- 
minal. The responses recorded from the 
surface of the ganglion by stimulating 
the preganglionic nerve trunk consist of 
three components: the action potential 
of the presynaptic nerve terminal, the 
synaptic response, and the compound 
action potential of the postsynaptic cells. 
In a, the SCG preparation had been pre- 
treated by 15-min superfusion of dTC at 
the concentration (1 x 1074 M), which 
completely blocked the latter two com- 
ponents of postsynaptic cells without af- 
fecting the presynaptic action potential. 
Thus the presynaptic action potential 
component, preserved well in dTC-con- 
taining medium, is shown as a mono- 
phasic response in this figure. In b, ap- 
plication of naloxone (6 x 107° M) to 
the dTC-containing solution for 10 min 
blocked the presynaptic potential almost 
completely. In c, 10 min after washout 
of the drug, the presynaptic action po- 
tential has reappeared. In d, a subse- 
quent 15 min of the hypoxic insult did 
not markedly change the response. Each 
trace represents five superimposed po- 
tentials. The inverted triangle in each 
tracing denotes the point of stimulus. 
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Tubocurarine Sensitivity of the Diaphragm after 


Limb Immobilization 
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WAUD BE, WAUD DR. Tubocurarine sensitivity of the 
diaphragm after limb immobilization. Anesth Analg 
1986;65:493-5. 


The effect of immobilization of a limb on subsequent sen- 
sitivity of the diaphragm to d-tubocurarine was examined 
in the guinea pig. A forelimb was immobilized in a plaster 
cast for 1 or 3 weeks. An isolated nerve-diaphragm prepa- 
ration was then set up and the sensitivity to d-tubocurarine 
measured. Parallel assays on a nerve-lumbrical muscle prep- 
aration from ihe limb ın the cast were also examined for 


Patients with conditions predisposing to disuse atro- 
phy show resistance to the effects of the competitive 
neuromuscular blocking agents (1,2). The phenome- 
non has been reproduced in dogs with limbs immo- 
bilized in a plaster cast (3). When a nerve-muscle 
preparation was prepared in vitro from a limb that 
had been immobilized, the EDsg for d-tubocurarine 
was elevated (4). Therefore, the immobilization had 
produced a change in the neuromuscular junction per 
se. Furthermore, the concentration of d-tubocurarine 
needed to produce neuromuscular block was greater 
not only in muscles from the immobilized forelimbs, 
but also in muscles from the contralateral forelimbs 
and from the hind limbs. The discovery that immo- 
bilization of a single limb led to decreased d-tubocu- 
rarine sensitivity in other limbs as well made us in- 
vestigate whether the diaphragm was also affected by 
immobilization; the correct interpretation of re- 
sponses to peripheral nerve stimulation obviously re- 
quires knowledge of expected sensitivity of respira- 
tory muscles. 


Methods 


The experiments were performed on isolated nerve- 
muscle preparations obtained from guinea pigs after 
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comparison. The diaphragm from unimmobilized animals 
showed the normal decreased sensitivity relative to the 
lumbrical. After immobilization the sensitivity of the lum- 
brical decreased, whereas that of the diaphragm did not 
change. Thus in contrast to previously observed behavior 
in limb muscles, changes in d-tubocurarine sensitivity 
produced by immobilization do not involve the diaphragm. 


Key Words: NEUROMUSCULAR RELAXANTS— 
d-tubocurarine 


a period of forelimb immobilization in a plaster cast. 
The forelimb (side chosen at random) was fixed in a 
plaster cast from above the elbow to the tips of the 
digits. To immobilize the lumbrical muscles, care was 
taken to ensure that the distal opening of the cast did 
not permit appreciable movement of the digits. When 
the immobilization was to last 3 weeks, the cast was 
not only lined with a thin layer-of padding to mini- 
mize the likelihood that growth could lead to too tight 
a fit, but it also was changed at about 2 weeks. A 
collar of cardboard about 10 cm in diameter was 
mounted around the animal's neck.. This collar pre- 
vented access to the cast but still allowed the animal 
freely to move about the cage, to eat, and to drink. 
(Previously (4) we had demonstrated that the collar 
alone did not lead to a change in sensitivity to d- 
tubocurarine). 

To offset the effect of growth on the size of the 
guinea pig and muscle at the time of assay, the longer 
periods of immobilization were started in younger 
animals. This was successful inasmuch as an analysis 
of variance at the end of the study showed no sig- 
nificant variation among weight of animals at the time 
of assay (F = 1.47; 2, 15 df). 

At the end of the period of immobilization, the 
diaphragm and its associated nerve were removed 
along with a nerve-muscle from the limb in the cast. 
The preparations were mounted in an isolated organ 
bath for isometric tension recording at the resting ten- 
sion yielding maximal developed tension. The nerve 
was mounted in a tunnel electrode and stimulated 
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Figure 1. Illustrative experiment. Fractional twitch response to nerve 
stimulation plotted against concentration of d-tubocurarine (4M). 
Left hand curve, lumbrical muscles; right hand curve, diaphragm. 


every 10 sec with a shock lasting 0.1 msec and at twice 
the intensity producing a maximal twitch response. 
The bathing solution was of the following composi- 
tion(mM):Na* 138, K* 5.9, C17 118, Ca** 1.26, Mg?* 
1.2, Hp PO, EA; SO,77 LA HCO; 25, lactate 2.3: 
plus glucose 2.08 g/L, bubbled with 95% O02/5% CO, 
and kept at 37°C. The drug dilutions were made in a 
separate chamber at 37°C, and then the final solution 
was added by overflow (4). The dose-response curve 
to d-tubocurarine was determined by adding the drug 
in step-wise concentrations selected to span levels of 
block between none and full. The preparation was 
equilibrated in the bath for 20-30 min before the assay 
began, and the drug was left in contact with the prep- 
aration until the twitch stabilized at each dose level 
(about 30 min). 

Each dose-response curve was fitted by least squares 
to the function: 


Y = 1 — TS(TS + K$) 


where Y is the fractional twitch response (1 normally, 
0 at complete block), T is the concentration of d-tu- 
bocurarine, K the EDs (when T = K, Y = 0.5), and 
S is a parameter governing steepness of the relation- 
ship. The resulting estimates of the EDs were then 
used in subsequent analyses of variance. 

Effects demonstrable at the 95% probability level 
were considered statistically significant. 


Results 


Figure 1 presents a sample experiment from a control 
animal and shows, as expected, that the sensitivity 
of the diaphragm to d-tubocurarine is less than the 
sensitivity of the lumbrical muscle. Figure 2 sum- 
marizes the results from control animals and those in 
which a forelimb had been immobilized for 1 or 3 
weeks. The d-tubocurarine EDs, values for the lum- 
brical muscles at 0, 1, and 3 weeks were 0.391 + 0.006 
uM, 0.693 + 0.039 uM, and 0.786 + 0.066 uM, re- 
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Figure 2. Summary of results. Ordinates: EDsy values (4M) for 
d-tubocurarine block of the indirectly elicited twitch response. Ab- 
scissae: durations of immobilization in weeks. At each time period 
the values for the lumbrical muscle are on the left, those for the 
diaphragm on the right. 


spectively. Thus both control EDs values and in- 
creases in EDs produced by immobilization are com- 
parable to those found previously (4). The EDs values 
for the diaphragm at 0, 1, and 3 weeks were 0.600 + 
0.023 uM, 0.667 + 0.036 uM, and 0.591 + 0.007 uM, 
respectively. The control EDs for the diaphragms is 
greater than the control EDsp for the lumbrical mus- 
cles, but no increase in the EDso for the diaphragm is 
seen after limb immobilization. 

Statistical analysis confirms the above interpreta- 
tion. A one-way analysis of variance among the three 
weekly groups of lumbrical EDs values gives a large 
and significant F ratio (21.9; 2, 15 df, P < 0.01). With 
the week zero group removed, the F value decreased 
to 1.5 (1, 10 df), an insignificant value indicating the 
change occurs in the first week and does not progress 
subsequently. With the values for the diaphragm, the 
F value for the three groups was insignificant (2.74; 
2, 15 df). 

Figure 3 shows the effect of immobilization on the 
relative sensitivities of diaphragm and lumbrical mus- 
cle to d-tubocurarine. The ratio of diaphragm: 
lumbrical muscle at 0 weeks was 1.54 + 0.07, at 1 
week was 0.97 + 0.06, and at 3 weeks was 0.79 + 
0.08. After immobilization, the two muscles no longer 
differed in sensitivity. 


Discussion 


Because the lumbrical muscles in this study behaved 
similarly to those examined earlier (4), the experi- 
mental conditions seem to be comparable, and there- 
fore the two studies can be treated as a unit. That the 
diaphragm requires a higher concentration of d- 
tubocurarine to produce neuromuscular block than 
do peripheral muscles has been shown previously in 
isolated muscles (5) in cats and dogs (6) and in pa- 
tients (7). Our results agree with these previous studies. 

The absence of the change in the EDs of the dia- 
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Figure 3. Sensitivity of diaphragm relative to that of lumbrical mus- 
cle. Ordinates: ratio of EDs, values for the-two muscles. Abscissae: 
durations of immobilization in weeks. 


phragm to d-tubocurarine after limb immobilization 
suggests that the decreased sensitivity to d-tubocu- 
rarine seen in unimmobilized as well as immobilized 
limbs is a reflection of the level of muscle activity 
rather than of a circulating humoral agent. The ex- 
perimental design was such as only to demonstrate 
the phenomenon, and cannot determine the mecha- 
nism of the change. 

The guinea pig is not a particularly active animal. 
However, in this respect it is probably not a poor 
model for hospital patients who also quite often are 
not very mobile. Thus it is reasonable to expect that 
the behavior we find extends to patients. 

That immobilization of a limb did not change the 
EDsp value of the diaphragm is important clinically, 
especially during the reversal of nondepolarizing 
muscle relaxants. Normally, anesthesiologists mea- 
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sure the response of peripheral muscles to nerve stim- 
ulation and assume that, because of the greater mar- 
gin of safety of the diaphragm when compared to 
peripheral muscles (6), patients will be able to breathe 
adequately when the response to peripheral stimu- 
lation has returned to control values. In patients who 
have been bed-ridden or otherwise rendered inactive, 
however, this assumption may not be true. Indeed, 
values for diaphragm/lumbrical ratio of less than one 
in figure 3 indicate that the diaphragm can still be 
blocked when the peripheral response is normal. 
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Intravenous Fluid Temperature, Shivering, and the Parturient 


M. Nicholas Workhoven, MD 


WORKHOVEN MN. Intravenous fluid temperature, 
shivering, and the parturient. Anesth Analg 1986;65: 
496-8. 


The effect of warmed vs room-temperature intravenous fluids 
is examined for decreasing shivering in parturtents undergo- 
ing epidural anesthesia for elective cesarean sections. Forty- 
four women were studied, 22 receiving warmed and 22 
receiving room-temperature fluid therapy for preblock pro- 


Parturients arriving in operating rooms for elective 
cesarean sections increasingly look to the anesthesia 
team to provide safe analgesia and a comfortable en- 
vironment for a family-oriented birth (1). Shivering, 
often intense and uncontrollable, is very disruptive 
to the parturient and her spouse or friend (2). Shiv- 
ering brings adverse physiologic changes as well. Prior 
to regional anesthesia, it is customary to give 1 L or 
more of crystalloid to minimize postblock hypoten- 
sion (1,3,4,5). This simple study was devised to see 
if the temperature of the intravenous (IV) fluids al- 
tered the incidence of intraoperative shivering. 


Methods 


Forty-four ASA class I or II term pregnant women 
presenting for elective cesarean section were studied. 
On an alternating basis, 22 patients were put into the 
room-temperature IV fluid group (group 1) and 22 
into the warm IV fluid group (group 2). Fluids were 
heated in a warming cabinet and taken out to be ad- 
ministered immediately. A mercury thermometer gave 
ambient operating room temperatures and therefore 
group 1 fluid temperatures of 20.0-22.2°C; cabinet 
temperatures and group 2 crystalloid temperatures 
were 30.0-33.9°C. Each patient received 1 L of lactated 
Ringer’s or Normosol-R solution given over 10-15 min 
through an unrestricted large bore IV catheter. A sec- 
ond liter of the same fluid with 2.5 or 5% dextrose 
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phylaxis of hypotension and intraoperative maintenance and 
replacement. Of those given room-temperature balanced salt 
solutions, 64% shivered, as opposed to 14% in the warm 
fluid group, an observation significant at less than a P of 
0.005 by x?-analysis. 


Key Words: COMPLICATIONS—shivering. TEM- 
PERATURE—intravenous fluids. 


was given at a rate dictated by maternal blood pres- 
sure. Never was more than 500 ml of the second liter 
required prior to delivery. Blood pressure was further 
supported by a wedge under the right hip, modest 
leg up tilt to the operating room table, and, infre- 
quently, small doses of ephedrine as IV bolus or con- 
tinuous infusion (Table 1). Blood pressure thus was 
kept within 20% of preoperative baseline and not less 
than 100 mm Hg systolic. No attempt was made to 
warm the operating room, but the patient was cov- 
ered throughout as completely as possible by warm 
blankets. 

In all cases, anesthesia was single injection lumbar 
epidural using room temperature lidocaine, 2%, with 
epinephrine, 1:200,000 from single-dose vials. A 3-ml 
test dose was followed by an induction dose of 17- 
22 ml of the drug. Sensory levels were measured at 
T4-7 by alcohol swab to loss of temperature sensation. 

Small doses of fentanyl, thiopental, or both were 
given IV pre- and postdelivery for mild sedation as 
necessary (Table 1). 

Patients were observed for shivering in the oper- 
ating room. Spastic, sustained hypertonic muscle con- 
tractions often noted after general inhalation anes- 
thesia were not seen in these patients. Patients were 
considered to shiver when they had more than 5 min 
of rhythmic mild, moderate, or severe intermittent 
muscle contractions with the brief and discontinuous 
periods of relaxation seen typically in hypothermia. 

Parturients with fever, hemoglobin levels less than 
10 g/dl, or shivering on arrival in the operating room 
were excluded. Temperatures were measured orally 
preoperatively and on arrival in the recovery room. 
Mean parturient age, height, weight, and hemoglobin 
levels were similar (Table 2). 


SHIVERING AND TEMPERATURE OF IV FLUIDS 


Table 1. Supplemental Drugs: Frequency and Mean Dose 
Group 1 
Incidence 


5/22 (23%) 
15/22 (68%) 
10/22 (45%) 


Drug 


Ephedrine (mg) 
Fentanyl (ug) 
Thiopental (mg) 


Table 2. Patient Demographics” 
Age Height (cm) Weight (kg) Hemoglobin (gm/dl) 


Group 1 25.4 163.7 78.8 12.2 
Group 2 27.8 162.5 73.3 12.7 


"Means, 


Table 3. Incidence of Shivering 
Shivering Total 


Group 1 14 8° 22 
Group 2 3 1% 22 


Not shivering 


Significant statistically (P < 0.005 by x? analysis). 


Protocol approval was granted by the Executive 
Committee of the medical staff, acting in the absence 
of any human use review committee in our institution. 

Data were analyzed for statistical significience by 
the y-test. The Yates correction for continuity was 
applied. 


Results 


In group 1, 14/22 (64%) had gross, often intense shiv- 
ering during the intraoperative period, generally last- 
ing much longer than 5 min. In contrast, only 3/22 
(14%) of the parturients in group 2 showed such shiv- 
ering (Table 3), and it tended to be less intense and 
of short duration. This was a statistically significant 
difference (P < 0.005). 

Analysis of patient temperature information (Table 
4) revealed that patients in group 1 who shivered 
stayed warmer than those who did not. In group 2, 
temperatures decreased about equally irrespective of 
the presence of shivering. 


Discussion 


Shivering in patients undergoing peridural anesthesia 
has been noted 20-50% of the time (6,7). Its effects 
are adverse physiologically and perhaps psychologi- 
cally. Shivering can increase oxygen consumption (8) 
up to 500% (9), increase cardiac work (7,9), and de- 
crease Po, (9,10,11). Increased demand on ventilation 
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Group 2 
Mean dose Incidence Mean dose 
13 4/22 (18%) 25 
128 16/22 (73%) 85 
130 9/22 (41%) 122 


also occurs (7). Patients with decreased cardiac or pul- 
monary reserves may be threatened (7). Anaerobic 
metabolism can develop, along with varying degrees 
of metabolic acidosis (7,12), respiratory acidosis (12), 
and resultant further deterioration of cardiopulmo- 
nary function (7). 

No such physiologic complications of shivering were 
noted in these patients, although one parturient re- 
ceiving warmed fluid did become diaphoretic and 
complained of feeling warm. She was dropped from 
the study. No attempt was made to examine psycho- 
legic effects here. 

Shivering can also detract from the birth for par- 
turient (6) and spouse, disrupting the family-oriented 
birth sharing that has moved from the delivery to 
operating rooms (1). Ostheimer and Datta (2) have 
noted that of all the side effects associated with anes- 
thesia and birth such as nausea, vomiting, headache, 
and bladder catheterization, shivering alone was the 
only symptom particularly mentioned as a discon- 
certing and unacceptable part of the birth experience. 

Many theories have been advanced to explain why 
these patients shiver. Such muscle activity serves to 
increase body heat production (6,10). Surprisingly, 
there seems no solid association between body heat 
loss and shivering (7,13,14). Holdcroft et al. (14) did 
find greater heat loss with major regional anesthesia 
than with general anesthesia, probably associated with 
a greater degree of peripheral vasodilation and in- 
creased skin blood flow related to the sympathetic 
blockade. Also, in the recovery room, patients who 
have had conduction anesthesia rewarm more slowly 
than those having had general anesthesia, even when 
they shiver in their upper extremities. Webb et al. (6) 
found that the temperature of the local anesthetic in- 
jected to achieve peridural anesthesia did not affect 
the incidence of shivering. They saw a 31.2% inci- 
dence of shivering during epidural anesthesia where 
no effort was made to infuse IV fluids rapidly. 

Interpretation of temperature changes in this study 
indicate that, in group 1 patients, those who shivered 
better retained their core temperatures than those who 
did not shiver, though the nonshiverers had lost more 
than a half degree centigrade. Temperatures in group 
2 patients all decreased about the same amount as in 
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Table 4. Oral Temperatures (Mean °C) 
Number Preoperative Recovery room Decrease 
Group 1 
Total group 22 36.6 36.3 0.3 
Shivering group 14 36.6 36.5 0.1 
Nonshivering group 8 36.5 35.9 0.6 
Group 2 
Total group 22 36.6 36.1 0.5 
Shivering group 3 36.6 36.1 0.5 
Nonshivering group 19 36.7 36.1 0.6 


group 1, whether they shivered or not. Those who 
did shiver did so less intensely and for briefer periods 
overall than those who shivered in group 1, thus cre- 
ating less of a thermogenic effect. 

It is recognized that the alternating method used 
in this study for separating patients into the two groups 
does not represent true randomization. Despite this 
flaw, the data presented are so strongly suggestive 
that further study appears in order. 

It seems clear that there is a high basic incidence 
of shivering with major conduction anesthesia. Rapid 
infusion of IV fluids may dramatically alter the rate 
of shivering, depending on the temperature of the 
fluids. Thus room-temperature fluids may increase 
the incidence of shivering, and warmed fluids rapidly 
infused into parturients about to undergo elective ce- 
sarean section may very well, by lowering the inci- 
dence of shivering, make the experience safer and 
more satisfying. 
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Epidural Morphine for Postoperative Pain Relief in 


Anorectal Surgery 


Ayşe Gürel, MD, Nalan Ünal, MD, Murat Elevli, MD, and Ali Eren, MD 


GÜREL A, ÜNAL N, ELEVLI M, EREN A. Epidural 
morphine for postoperative pain relief in anorectal 
surgery. Anesth Analg 1986;65:499-502. 


Postoperative analgesia and side effects of a single dose of 
20 ml of 2% epidural prilocaine followed immediately by 
either morphine (3 mg in 3 ml saline) or saline (3 ml) were 
studied in 79 patients scheduled for anorectal surgery. Pain 
relief was evaluated by a linear scale for 24 hr and by an 
assessment of the requirement for parenteral analgesics. Of 
the patients given epidural morphine, 25% did not require 
analgesics, whereas all patients given prilocaine alone asked 


Epidural morphine is being used increasingly (1-4) 
and, in some institutions, routinely (5), for relief of 
postoperative pain. It is generally administered at 
completion of surgery through a catheter placed epi- 
durally before or after the operation. 

The duration of operative anesthesia for anorectal 
surgery is brief, and a single dose of epidural prilo- 
caine will generally suffice. We therefore conducted 
a study in which a single dose of prilocaine followed 
immediately by a single dose of morphine was in- 
jected into the lumbar epidural space to evaluate the 
possible effects of dilution of the narcotic analgesic 
by the local anesthetic on the intensity and duration 
of postoperative pain. 


Methods 


Seventy-nine patients undergoing anorectal surgery 
were studied. They were divided into two groups (A 
and B) according to the wards, A or B, in which they 
were hospitalized. A detailed explanation of the na- 
ture and purpose of the study was given to the pa- 
tients during the preoperative visit. 
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for additional analgesia. Remaining patients given mor- 
phine were pain-free for a mean duration of 7.6 + 5.1 hr 
(sD). Only 9% of patients given morphine required a max- 
imum of three analgesic parenteral injections in 24 hr. Uri- 
nary retention was the most prominent side effect observed 
in patients given epidural morphine. No early or delayed 
respiratory depression was noted in our patients. 


Key Words: ANESTHETIC TECHNIQUES, EPIDU- 
RAL—morphine. ANALGESICS—morphine. PAIN— 
postoperative. 


Thirty minutes before anesthesia, all patients were 
given flunitrazepam (2 mg) and atropine (0.6 mg) in- 
tramuscularly for premedication. With the patient in 
the lateral position, a Tuohy needle was introduced 
at the L3-4 interspace. After identification of the epi- 
dural space by the “hanging drop” technique, 5 ml 
of prilocaine 2% solution were injected as a test dose. 
When no signs of intrathecal or intravascular injection 
were noted after 4 min, the remaining 15 ml prilocaine 
were injected, followed immediately by either 3 mg 
morphine in 3 mi saline, 0.9%, (Group A, n = 44) or 
3 ml plain saline solution (Group B, n = 35). The 
Tuohy needle was then withdrawn and the patient 
placed in the supine position with a head-tilt of 30°. 
Surgery started 15 min after injection of the prilocaine. 

Pulse rate, blood pressure, and respiratory rate were 
recorded in the operating room. The patients were 
especially observed for nausea or pruritus. 

At completion of surgery, patients were taken to 
the intensive care unit where they remained for the 
next 24 hr. Postoperative follow-up included the re- 
cording of blood pressure and pulse rate, the objective 
and subjective evaluation of pain, the assessment of 
parenterally administered analgesics, and the inci- 
dence of side effects. The time of onset of postoper- 
ative pain was noted for each patient. 

Objective pain assessment was made in the inten- 
sive care unit 4, 8, 12, 16, 20, and 24 hr postoperatively 
by nurses unaware of the group to which the patient 
belonged. The nurses graded the intensity of pain on 
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PAIN SCALE 


._.. 5, Severe pain - analgesics 


_ —.. 3 || Moderate pain — pain on 
movement 


— _.OU No pain - sitting or walking 


— 


Figure 1. Objective pain assessment. The nurses graded the in- 
tensity of pain on the linear scale by observing the patient every 
4 hr. Score: 5, frequent need for analgesics; 3, pain on movement, 
reluctant to get out of bed; 0, sits in bed, walks around easily. 


a vertical scale, the bottom of the scale, scored 0, 
representing no pain (the patient could sit up in bed 
or walk around without difficulty) and the top scored 
5, representing severe pain (the patient frequently 
asked for analgesics) with moderate pain scored 3 (the 
patient had pain on movement and was reluctant to 
get out of bed) (Fig. 1). A score of 0 was assigned 
when patients were found to be asleep. The total 
number of parenteral analgesics was also recorded 
during the first 24 hr. 

.On the morning of the first postoperative day, an 
anesthetist unaware of the nature of the epidurally 
injected solutions visited the patients to inquire whether 
untoward symptoms such as pruritus, nausea, and 
difficulty with micturition had developed and to eval- 
uate the subjective postoperative pain (no pain, mild 
pain, acceptable pain, and unbearable pain). Data are 
expressed as mean + SD. Results were analyzed using 
Student's t-test and the y? test. 


Results 


The mean ages and weights of the two groups were 
comparable (Table 1). The mean duration of surgery 
in groups A and B was 39 + 19.9 min and 34.1 + 
15.4 min, respectively. On viewing the pain scales, it 
was apparent that the patients in group A experienced 
significantly less (P < 0.005) postoperative pain than 
the patients in group B (Fig. 2). Morphine analgesia 
in group A lasted 4-16 hr with a mean of 7.6 + 5.1 
hr, whereas 66% of the patients in group B experi- 
enced “severe pain” as soon as the analgesia afforded 
by the local anesthetic wore off. The duration of epi- 
dural block in group B for pain at the operative site 
was 127 + 15.1 min. 
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Table 1. Patient Data and Duration of Operation’ 


Morphine group Saline group 
(n = 44) (n = 35) 
Age (yr) 40.5 + 13.9 38.1 + 15.0 
Weight (kg) 63.7 + 12.8 52.9 + 10.7 
Duration of operation 39.2 + 19.9 34.1 + 15.4 
(min) 
"Mean + sp 


During the interview on the first postoperative day, 
70% of the patients in group A expressed no pain, 
whereas none of the patients in group B were pain- 
free. In fact, 40% of the latter group experienced “un- 
bearable pain” at the time of the interview (Table 2). 

Figure 3 shows the number of analgesic injections 
required by each group of patients. In the morphine 
group, 25% of the patients were pain-free and re- 
quired no supplemental analgesics. The number of 
analgesics required by the rest of the patients in this 
group was significantly less than that required by pa- 
tients in the control group (P < 0.005). 

The most frequent side effect in group A was uri- 
nary retention (79%). Of the patients with urinary 
retention, 49% were eventually able to void sponta- 
neously; the remaining patients required catheteriza- 
tion. Four patients in group A complained of pruritus, 
one was nauseated, and one vomited. 

Approximately 32% of the patients in group B ex- 
perienced disturbances of micturition. Pruritus and 
nausea were never observed after epidural saline. The 
side effects encountered by patients in both groups 
are summarized in Table 3. 


Discussion 


Systemic narcotic analgesics are usually the drugs of 
choice for postoperative pain relief in patients 
undergoing anorectal surgery (6) with consequent 
systemic side effects (7). However, the identification 
of opiate receptors in the substantia gelatinosa of the 
spinal cord (8) has led to new concepts in the man- 
agement of acute and chronic pain (9,10). For pur- 
poses of postoperative pain relief, morphine is being 
injected epidurally, usually via a catheter placed either 
preoperatively in patients selected for operative epi- 
dural anesthesia (1) or postoperatively in cases op- 
erated upon under general anesthesia (2,3). Through 
this catheter morphine is given intermittently or as a 
continous infusion (4). 

Because of the short duration of anesthesia re- 
quired for anorectal operations, we made no attempt 
in the present study to insert an epidural catheter in 
our patients. Instead the patients were given a single 


EPIDURAL MORPHINE 


pain score 





* * morphine 





time 


Figure 2. Mean pain scores (+ sD) for 24 hr after epidural morphine 
and epidural saline. Asterisk signifies P < 0.005 between scores 
obtained with morphine and saline (t-test). 


dose of 20 ml prilocaine 2% solution epidurally, fol- 
lowed immediately by epidural injection of morphine 
through the same needle. Thus they experienced a 
smooth transition from local anesthetic analgesia to 
morphine-induced pain relief. This technique also had 
the advantage of compensating for the slow onset of 
epidural morphine analgesia observed in some pa- 
tients (11,12). 

Local anesthetics block sensory, sympathetic, and 
motor fibers, whereas morphine binds to specific op- 
iate receptors on the spinal cord to interrupt pain 
pathways (13). Owing to the difference in the sites of 
action of these drugs, no interaction was observed in 
the effectiveness of each when both were used to- 
gether. The results in the present study revealed that 
25% of patients given epidural morphine were com- 
pletely pain-free and did not require parenteral or oral 
analgesics postoperatively. Only one hemorrhoidec- 
tomy patient experienced pain as early as 4 hr after 
the operation. The mean duration of pain relief was 
7.6 + 5.1 hr (SD) in patients given epidural morphine, 
which contrasts with the onset of pain as soon as the 
local anesthetic analgesia wore off in the control group. 

The relation between the dose of epidurally ad- 
ministered morphine and the duration of postoper- 
ative pain relief is controversial. Bromage et al. (14) 
found that an average of 7.6 mg of epidural morphine 
was necessary for pain relief following lower abdom- 
inal surgery. However, in our study we obtained sat- 
isfactory analgesia with 3 mg of morphine. Lanz et 
al. (1) reported similar periods of pain relief with higher 
doses. Others (5) reported good analgesia with mor- 
phine doses less than 5 mg. 

When patients in our study given epidural mor- 
phine did experience pain, this was quickly resolved 
by a single dose of dipyrone. The occurrence of in- 
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Table 2. Subjective Pain Assessment on First 
Postoperative Morning 


Morphine group Saline group 
(n = 44) (n = 35) 
No pain (%) . 70 — 
Mild pain (%) 19 17 
Acceptable pain (%) 11 43 
Unbearable pain (%) — 40 


termittent painful episodes during a basal state of 
analgesia suggests the possible involvement of other 
nonopiate pain pathways in the spinal cord. The mean 
pain scores in both our groups of patients decreased 
gradually over 24 hr, but never exceeded a score of 3 
in the morphine group (Fig. 2). 

On the first postoperative morning, none of the 
patients expressed “unbearable pain” in the mor- 
phine group, contrasting with 40% in the control pa- 
tients (Table 2). Of the 40% that had “unbearable 
pain,” 37% were hemorrhoidectomy patients who were 
most incapacitated by postoperative pain. 

Epidural morphine is shown to have decreased the 
postoperative analgesic requirement (1). Even though 
patients in the control group were given dipyrone 
injections on demand, they still suffered from pain 
during their stay in the hospital. Fifty-seven percent 
of the patients in this group required four or more 
analgesic injections, whereas 9% of patients in the 
morphine group required a total of 3 injections in 24 
hr (Fig. 3). 

Various side effects caused by epidural morphine 
have been reported in previous studies (15-17). These 
side effects are not attributable to the concentration 
of morphine in the plasma because the quantity of 
morphine in the blood compartment is dismissed as 
insignificant even when high doses are used (16). The 
rostral spread of the narcotic is held responsible for 
these side effects (18). 

In our study one patient experienced nausea and 
another vomited at the first intake of fluid on the 
evening of the operative day (Table 3). Macdonald 
and Bickford-Smith (5) observed a worsening of nau- 
sea in obstetric patients upon mobilization about 8-12 
hr postoperatively. Our patients were ambulatory 
starting 6 hr postoperatively, but the incidence of nau- 
sea and vomiting was very low. Four patients given 
epidural morphine had pruritus involving the groin 
and trunk, but none requested treatment (Table 3). 

Delayed respiratory depression is reported in aged, 
poor risk patients (19), in cases where epidural mor- 
phine is supplemented with intravenous nonnarcotic 
drugs (17), in patients given intermittent injections of 
epidural morphine (4), and in studies where high doses 
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Figure 3. Analgesic requirements in the morphine and saline groups. 
Asterisk signifies P < 0.005 when patients that received three or 
more analgesic injections in the morphine group are compared with 
patients who required three or more analgesics in the saline group 


` (7 analysis.) 


of morphine are used (18). In this study, the single, 
low dose of morphine eliminated the danger of early 
and delayed respiratory depression. | 

Of the patients in the control group, 32% had dif- 
ficulty with micturition, but a majority (83%) of these 
patients were able to void spontaneously in the first 
12 hr. In the morphine group urinary retention de- 
veloped in the first 12 hr. These patients felt discom- 
fort in the second 12 hr due to bladder distention, 
and 51% eventually had to be catheterized (Table 3). 
One elderly patient needed catheterization twice. 

This study shows that effective and prolonged 
postoperative analgesia can be achieved when mor- 
phine is administered in combination with a local an- 
esthetic into the epidural space in rectal operations 
associated with severe postoperative pain. In fact our 
surgical clinics now routinely administer low doses 
of morphine to patients scheduled for surgery with 
epidural anesthesia. The frequent need for catheter- 
ization appears to be the major drawback of this tech- 
nique of pain relief. 


We thank the nursing staff of the surgical intensive care unit for 
their valuable help and cooperation. We thank Ms. Meral Aktan 
for her valuable secretarial help. 
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Table 3. Side Effects 
Morphine group Saline group 
(n = 44) (n = 35) 

Pruritus (%) 9 = 
Nausea (%) 2 _ 
Vomiting (%) 2 — 
Urinary retention (%) 79 32 
Voided spontaneously (%) 49 83 


Respiratory depression (%) — se 
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Rapid Sequence Induction Using Vecuronium 
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KUNJAPPAN VE, BROWN EM, ALEXANDER GD. Rapid 
sequence induction using vecuronium. Anesth Analg 
1986;65:503—6. 


The purpose of this study was to determine the ideal priming 
and total dose of vecuronium when used as the relaxant 
during rapid sequence induction of anesthesia and tracheal 
intubation. Seventy patients were studied. Various priming 
and total dose schedules using vecuronium were compared 
with succinylcholine, 1.5 mg/kg. The mean onset times, 
intubating conditions, and mean duration times were com- 
pared. A priming dose of 10 ug/kg produced good intubation 
conditions with both 70 ug/kg and 150 ugikg (total doses), 
but the mean onset times remained significantly longer than 


Rapid sequence induction is used to secure the airway 
in emergency surgical procedures in order to avoid 
aspiration of gastric contents. Succinylcholine is or- 
dinarily the relaxant of choice because of its rapid 
onset of action. However, succinylcholine may produce 
muscle fasciculations, myalgia (1,2) and increases in 
intragastric (3), intraocular (4,5) and intracranial pres- 
sures (6). Succinylcholine should also be avoided in 
patients with burns (7), renal failure (8), and in pa- 
tients with a history of malignant hyperthermia or 
pseudocholinesterase deficiency. 

Pancuronium in large doses (0.15 mg/kg) is pres- 
ently the relaxant most often used when succinyl- 
choline is contraindicated (9). However, pancuro- 
nium may produce adverse cardiovascular effects, such 
as hypertension and tachycardia, in some patients. In 
addition, in short surgical procedures, patients may 
have to be mechanically ventilated postoperatively 
because of the prolonged duration of action of pan- 
curonium (9). 

The introduction of a nondepolarizing intermedi- 
ate-acting muscle relaxant, vecuronium, that is es- 
sentially free of cardiovascular side effects prompted 
us to investigate its efficacy for rapid sequence in- 
duction of anesthesia and tracheal intubation. The 
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succinylcholine 1.5 mg/kg (P < 0.05). A priming dose of 
15 pglkg of vecuronium with 100 pg/kg total dose, on the 
other hand, not only produced excellent intubating condi- 
tions but also resulted in a mean onset time not significantly 
different from succinylcholine, 1.5 mg/kg. This latter dose 
schedule of vecuronium is recommended for rapid sequence 
induction when succinylcholine is contraindicated. Vecu- 
ronium is preferable to pancuronium for rapid sequence 
induction because of its lack of cardiovascular side effects 
and short duration. 


Key Words: NEUROMUSCULAR RELAXANTS—ve- 
curonium. INDUCTION, ANESTHESIA—rapid sequence. 


effect of various priming and intubating doses on on- 
set time and clinical duration time were studied. 


Methods 


Seventy patients were studied. Approval for the study 
was obtained from the hospital committee for re- 
search on human subjects. All patients in the study 
signed informed consents. The age range was 17-83 
yr and weight range 50-127.4 kg. There were 62 women 
and 8 men. Seven groups of ten patients each were 
studied. One group, the “standard” group, was given 
succinylcholine, 1.5 mg/kg, for tracheal intubation. 
The remaining six groups received vecuronium ac- 
cording to the dose schedule in Table 1. The ECG, 
blood pressure, and heart rate were monitored in all 
patients. A constant current peripheral nerve stimu- 
lator (Myoscan) was used to monitor the muscle 
blockade. A total of 300-400 g tension was applied to 
the thumb. The ulnar nerve at the wrist was stimu- 
lated through surface electrodes by supramaximal im- 
pulses of 0.2 msec duration at 0.1 Hz. The twitch 
tension of the adductor pollicis was noted. Train of 
four (T4), 2 Hz stimuli were applied prior to the in- 
tubating dose of vecuronium. An assistant observed 
and recorded the presence of all four twitches at this 
time. The onset time was defined as the time from 
the injection of the intubating dose of muscle relaxant 
to the time when all four twitches disappeared. The 
duration time was defined as the time from the in- 
jection of intubating dose of muscle relaxant to the 
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Table 1. Treatment Groups 


Groups n Drug 
Standard drug 10 Succinylcholine 
Group A 10 Vecuronium 
Group B 10 Vecuronium 
Group C 10 Vecuronium 
Group D 10 Vecuronium 
Group E 10 Vecuronium 
Group F 10 Vecuronium 


One dose only. 
bAll doses given in g/kg unless otherwise indicated. 


Table 2. Onset Times and Duration of Muscle Blockade 


Groups (n = 10) 


Standard (Succinylcholine) 58 + 4.16 
Group A 246 + 27.5 
Group B 216 + 29.95 
Group C 141.5 + 13.75 
Group D 75.50 + 9.96 
Goupr E 81.50 + 2.69 
Group F 138.00 + 10.21 


All values are mean + SEM. 


‘Significantly different from standard group (succinylcholine), P < 0.05. 


time when the first twitch reappeared. Onset time (in 
seconds) and duration of muscle blockade (in min- 
utes) was recorded for each patient. 

The patients received fentanyl, 100 ug, prior to the 
administration of the priming dose of vecuronium. 
Patients that received vecuronium were informed that 
their eyelids might feel heavy and that they might 
have blurred vision. They were instructed to notify 
the anesthesiologist of any respiratory difficulty that 
occurred. The patients breathed 100% oxygen by mask 
after the priming dose, and their respiratory tidal vol- 
umes were closely monitored. The initial response to 
train-of-four stimulation was determined as soon as 
the patient became unconscious after administration 
of thiamylal, 4-5 mg/kg, approximately 4 min after 
administration of the priming dose of vecuronium. 
Immediately thereafter, the remainder of the total dose 
- of vecuronium was administered. Cricoid pressure 
was applied. All intubations were attempted at 60 sec; 
the time when all twitches disappeared after the total 
dose and the time when the first twitch reappeared 
were recorded. Anesthesia was maintained with 
N2O/O2, 4L/2L. Additional doses of 50-100 mg of thia- 
mylal and 50-100 ug of fentanyl were administered 
if further analgesia was considered necessary. Ease 
of intubation was graded as 3 (excellent), no move- 
ment of cords; 2 (good), slight movement of cords; or 
1 (poor), coughing and bucking. Vecuronium was re- 


Onset times (sec) 


KUNJAPPAN ET AL. 
Dose 
First dose Second dose Total 
1.5 mg/kg? 
7 pelke 63° 70 
10 60 70 
10 140 150 
15 135 150 
15 85 100 
150? 
P value Duration (min) 
= 6.5 + 0.73 
0,000" 15.9 + 1.73 
0.060" 16.1 + 2.20 
0.001° 33.3 + 4.70 
0.474 39.7 + 4.34 
0.337 28.4 + 4.31 
0.0024 37.2 + 6.81 


versed at the conclusion of surgery in all patients. 
Thirty patients received glycopyrrolate, 0.015 mg/kg, 
and neostigmine, 0.07 mg/kg; forty patients received 
glycopyrrolate, 0.015 mg/kg, and pyridostigmine, 0.3 
mg/kg. Adequacy of reversal was determined both by 
peripheral nerve stimulator and the ability to sustain 
head lift. 

Data were statistically analyzed by one-way anal- 
ysis of variance comparing the seven study groups. 
Pair-wise comparisons were done between the stan- 
dard group and each of the other groups. P < 0.05 
was considered statistically significant (Table 2). 


Results 


Intubating conditions were not satisfactory within 60 
sec when a single large dose (150 ug/kg) of vecuron- 
ium was used. Only six of ten patients could be in- 
tubated in 60 sec. When a priming dose of vecuronium 
was used 5 min before the total dose, all the patients 
could be intubated in 60 sec. Only five of the ten 
patients given 7 wg/kg priming dose had a score of 3 
for intubation. However, when 10 ug/kg and 15 g/kg 
priming doses were employed, 38 of 40 patients had 
a score of 3, indicating excellent intubating conditions 
(Table 3). | 

The mean onset time closest to that seen with suc- 
cinylcholine occurred in patients in groups D (15 ug/150 


te 


RAPID SEQUENCE INDUCTION WITH VECURONIUM 


Table 3. Intubation 


ANESTH ANALG 505 
1986;65:503-6 





Time of intubation 


Dose Time 
(prime/total) Groups (sec) 
Succinylcholine Standard Drug 60 
1.5 mg/kg 
Vecuronium Group A 60 
7ug/70pg 
10u2/70 ng Group B 60 
10pg/150ug Group C 60 
15ug/150u¢g Group D 60 
15y2/100ug Group E 60 
0/150ug Group F 60 


Score of intubation 


Number of Number of 
patients Score patients 
10 3 10 

2 0 

1 0 

10 3 5 
2 5 

1 0 

10 3 9 
2 1 

1 0 

10 3 10 
2 0 

1 0 

10 3 9 
2 1 

1 0 

10 3 10 
2 0 

1 0 

16 3 6 
4a 


‘Insufficient relaxation for intubation at 60 sec; in the four patients, two intubations were successful at 90 sec with a score of 2, and two at 120 sec, also 


with a score of 2. 


ug) and E (15 pg/100 wg), where a priming dose of 
15 pg/kg was used (P > 0.05). All other groups showed 
significantly longer onset times (P < 0.05) (See Table 
2). 

The longest duration time (39.7 min) was seen with 
a total dose of 150 ug/kg vecuronium. The 100 ng/kg 
total dose was associated with a duration that aver- 
aged 28.4 min (Table 2). 


Discussion 


Rapid onset of muscle relaxation with divided doses 
of vecuronium and atracurium has been described by 
Schwartz et al. (10) and Mehta et al. (11). In Schwartz's 
study, when vecuronium was used for priming, even 
though intubation was accomplished in 60-80 sec, the 
intubation score was nct consistently good. Seven of 
40 patients had a score of 2 for intubation, indicating 
diaphragmatic movement. Better intubating condi- 
tions are necessary for rapid sequence induction, es- 
pecially in patients who have a penetrating eye injury 
or increased intracranial pressure. In our study, 10 
pg/kg vecuronium as a priming dose provided good 
intubating conditions when used as part of total doses 
of 70 g/kg or 150 ug/kg, but the onset time remained 
longer than that seen with succinylcholine, 1.5 mg/kg. 
On the other hand, a priming dose of vecuronium, 
15 ug/kg, with 100 ug/kg total dose produced not only 
a mean onset time that was not significantly different 


from the mean onset time produced by succinylcho- 
line, 1.5 mg/kg, but also excellent intubating condi- 
tions. For rapid sequence induction and intubation to 
be consistently reliable, a nondepolarizing muscle re- 
laxant must not only produce good intubating con- 
ditions but should also have an onset time approxi- 
mating that associated with a paralyzing dose of 
succinylcholine. Our study demonstrates that a prim- 
ing dose of vecuronium, 15 pg/kg, followed 5 min 
later by the remainder of a total dose of 100 pg/kg, 
fulfills these requirements. Consequently, a priming 
dose larger than 15 ywg/kg is unnecessary and may 
produce unacceptable symptoms in awake patients. 
Indeed, a dose of 15 ug/kg of vecuronium produced 
heavy eyelids and blurred vision, but these symptoms 
were tolerable as long as the patient was forewarned. 
Train-of-four response was not affected by this dose. 
In addition, 50-100 ug fentanyl administered just prior 
to the priming dose greatly ameliorated these symp- 
toms. Two of our patients complained of difficulty in 
swallowing, but no patient had frank respiratory em- 
barrassment. If difficulty in breathing or swallowing 
occurs, the patient should be anesthetized without 
waiting the full 4 min, because these symptoms in- 
dicate partial muscle blockade. 

In conclusion, we recommend that where rapid 
sequence induction is indicated and succinylcholine 
is contraindicated, a priming dose of 15 pg/kg of ve- 
curonium, followed 5 min later by a total dose of 100 
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g/kg, can be safely used as an alternate technique 
for rapid sequence induction. The mean clinical du- 
ration time of 28.4 min after this dose of vecuronium 
is not unreasonably long for most surgical procedures. 
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The Effects of Nicardipine on Cerebrospinal Fluid 
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NISHIKAWA T, OMOTE K, NAMIKI A, TAKAHASHI T. 
The effects of nicardipine on cerebrospinal fluid pressure 
in humans. Anesth Analg 1986;65:507-10. 


The effects of nicardipine hydrochloride, a calcium channel 
blocker, upon cerebrospinal fluid pressure (CSFP) were in- 
vestigated in 47 patients without intracranial pathology who 
were assigned to one of three groups: group 1 (n = 17), 
who received 0.01 mg/kg nicardipine, group 2 (n = 17), 
who received 0.02 mg/kg, and group 3 (n = 13), who 
received 0.03 mg/kg. A spinal needle was inserted into the 
subarachnoid space to permit continuous measurement of 
CSFP. Nicardipine produced statistically significant in- 
creases in CSFP: from a mean of 7.6 to 11.6 mm Hg in 


Calcium channel blockers have potent vasodilating 
actions and are effective in the treatment of cerebral 
or coronary vasospasm (1-5). Recent animal experi- 
ments have suggested that calcium channel blockers 
may be promising agents in cerebral resuscitation (6,7). 
It seems that they will gain widespread use in clinical 
practices, including anesthesia (8-10), in the near fu- 
ture. Apart from their many beneficial effects, how- 
ever, they have been reported to increase intracranial 
pressure in animals and humans (11-14), which might 
limit their clinical applicability. As far as we are aware, 
there have been few controlled studies concerning the 
effects of calcium channel blockers upon intracranial 
pressure in humans (10). The present study was thus 
undertaken to investigate the effects of nicardipine 
hydrochloride (1,4-dihydropyridine derivative), a water 
soluble and light insensitive calcium channel blocker, 
upon cerebrospinal fluid pressure (CSFP) in surgical 
patients without intracranial pathology. 
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group 1, 7.2 to 12.2 mm Hg in group 2, and 7.4 to 13.8 
mm Hg in group 3 (P < 0.001 in each group). CSFP after 
nicardipine attained its maximum in 1-2 min, then grad- 
ually returned to control levels. Changes in CSFP were 
always associated with statistically significant decreases in 
arterial blood pressure and cerebral perfusion pressure, 
wnereas the heart rate showed significant increases. Ni- 
cardipine may increase CSFP to undesirable levels in pa- 
tients with intracranial hypertension. 


Key Words: BRAIN—cerebrospinal fluid pressure, 
intracranial pressure. PHARMACOLOGY—calcium 
channel blockers, nicardipine. 


Methods 


The study was approved by the Institutional Human 
Studies Committee of Sapporo Medical College. In- 
formed consent was obtained from each patient. Forty- 
seven adult patients (29 women, 18 men), ranging in 
age from 22 to 69 yr, who were scheduled to have 
spinal anesthesia for their surgical procedure, were 
selected for this study. No patient had any neurologic 
or cardiopulmonary disorders. All patients were pre- 
medicated with an intramuscular injection of hy- 
droxyzine, 100 mg, and atropine, 0.5 mg, 1 hr before 
arrival in the operating room. A 16-gauge intravenous 
catheter was placed for infusion of lactated Ringer’s 
solution and for drug administration. A 20-gauge 
catheter was inserted into the radial artery for con- 
tinuous measurement of arterial blood pressure and 
for sampling arterial blood for blood gas analyses. 
After sterilizing and draping of the lumbar region, the 
patient lying in the lateral position, a 22-gauge spinal 
needle was introduced into the space between the 
third and fourth lumbar vertebrae. Upon demonstra- 
tion of the free flow of clear cerebrospinal fluid, the 
needle was connected with a low compliance catheter 
to a transducer (p-50, Gould, USA) for continuous 
measurement of CSFP. The inside of the catheter was 
filled with sterile normal saline solution so as not to 
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Table 1. Patient Characteristics and Arterial Blood Gas Tensions before and after Nicardipine. 


Number of patients 17 


Group 1 

Sex (female/male) 10/7 
Dose of nicardipine (mg/kg) 0.01 
Age (yr) 48.1 + 10.8 
Height (cm) 156.9 + 8.8 
Body weight (kg) 56.1.2 153 
pHa 

before 7.39 + 0.02 

after 7.39 + 0.03 
Paco; (mm Hg) 

before a7 A 

after 37 + 4 
Pao, (mm Hg) 

before 88 + 8 

after 86 + 9 
BE (mEq/L) 

before -2.2 £ 1.7 


NISHIKAWA ET AL. 
Group 2 -~ Group 3 _ 
17 13 
11/6 8/5 
0.02 0.03 
47.5 + 13.7 46.3 + 15.8 
157.8 + 8.7 157.8 + 8.9 
56.7 + 7.9 57.8 + 10.6 
7.40 + 0.02 7.41 + 0.02 
7.40 + 0.02 7.40 + 0.02 
37 +3 34 + 3 
37 +353 35 45 
90 + 8 92 + 1i 
90 + 8 89 + 11 
— 1.6 + 2.0 —2.5 + 1.4 
—1.7 + 2.0 —2.4+1.8 


after —1.8 + 1.4 


All values are mean + SD. 


remove cerebrospinal fluid, and care was taken to 
avoid introduction of air bubbles into the line. The 
midline of the vertebral column was taken as zero 
level. Thereafter, with the patient lying in the lateral 
position, ECG, arterial blood pressure, and CSFP were 
continuously recorded on a polygraph system (Ni- 
hon-Kohden, Tokyo) throughout the study. 

Patients were randomly assigned to one of the fol- 
lowing three groups according to the dosage of ni- 
cardipine: group 1 (0.01 mg/kg, n = 17), group 2 (0.02 
mg/kg, n = 17), group 3 (0.03 mg/kg, n = 13). After 
the intravenous injection of nicardipine as a bolus, 
ECG, mean arterial pressure, mean CSFP, and heart 
rate were continuously recorded for 15 min. Arterial 
blood samples were obtained before and 15 min after 
the administration of nicardipine for measurement of 
pHa, Paco, Pao, and BE by Acid Base Laboratory 
3 (Radiometer, Copenhagen). Cerebral perfusion 
pressure was calculated from the difference between 
mean arterial blood pressure and mean CSFP. 

Data were expressed as mean + sD. Data within 
groups were compared using Student's t-test for paired 
data. Data between groups were compared by anal- 
ysis of variance and Student's t-test for unpaired data. 
P < 0.01 was considered statistically significant. 


Results 


Age, height, weight, and values of arterial blood anal- 
yses were comparable in all the three groups (Table 
1). There were also no significant differences among 
the three groups in the mean control values of mean 


arterial blood pressure, heart rate, mean CSFP, and 
cerebral perfusion pressure. 

Nicardipine, in doses of 0.01 mg/kg, 0.02 mg/kg, 
and 0.03 mg/kg increased CSFP in every patient (Fig. 
1). An increase in CSFP occurred almost simulta- 
neously with changes in blood pressure and heart 
rate, which attained the maximal changes in approx- 
imately 1-2 min after the injection of nicardipine, then 
gradually returned to the control values in 15 minutes 
(Fig. 1). CSFP levels after nicardipine increased to 
levels significantly above control values (Table 2). Mean 
arterial blood pressure and cerebral perfusion pres- 
sure also significantly decreased below the control 
values, as did the heart rate increase above control 
levels (Table 2). Maximal changes in mean CSFP after 
nicardipine in doses of 0.01 mg/kg, 0.02 mg/kg, and 
0.03 mg/kg were 158 + 31%, 189 + 61%, and 226 + 
107%, respectively. However, there were no statisti- 
cally significant differences after nicardipine among 
the three groups in CSFP or in other variables, al- 
though changes in CSFP seemed to be greater in dose- 
dependent manner. No significant change from con- 
trol values was observed in arterial blood gas tensions 
after nicardipine in any of the three groups. There 
were no adverse reactions to nicardipine (headache, 
facial flushing, severe hypotension) in any of the 
patients. 


Discussion 


In this study, nicardipine hydrochloride as an intra- 
venous bolus injection in doses of 0.01-0.03 mg/kg 
increased CSFP consistently in awake patients with 
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Figure 1. Representative polygraph tracings of mean arterial blood pressure (MAP), mean cerebrospinal fluid pressure (MCSFP), and 


heart rate (HR) after 0.02 mg‘kg nicardipine as a bolus. 


Table 2. Control Values of Mean Arterial Blood Pressure (MAP), Heart Rate (HR), Mean Cerebrospinal Fluid Pressure 
(CSFP), and Cerebral Perfusion Pressure (CPP) and Values during Maximal Changes after Nicardipine 


Group 1 
(Nicardipine, 0.01 mg/kg) 

MAP (mm Hg) 

Control 105.0 + 15.6 

Maximal changes 87.0 + 12.67 
HR (beats/min) 

Control 86.5 + 14.8 

Maximal changes 102.4 + 15.8 
CSFP (mm Hg) 

Control 16.228 

Maximal changes Too 3.0" 
CPP (mm Hg) 

Control 97.3 + 15.1 

Maximal changes 75.4 + 12.6° 


All values are mean + sp. 
aP < 0.001 compared to control values. 


no intracranial lesions. Although CSFP levels after 
nicardipine were statistically significant, these in- 
creases were not clinically significant. These changes 
were always accompanied by simultaneous decreases 
in arterial blood pressure, which resulted in reduc- 
tions of cerebral perfusion pressure. However, we 
observed no case of cerebral perfusion pressure less 
than 40 mm Hg, a critical level for development of 
cerebral ischemia. Heart rate increased after nicardi- 
pine in all subjects. Presumably this positive chron- 
otropic effect may be mediated by baroreceptors sec- 
ondary to systemic vasodilation. 

It has been suggested that nicardipine may be ap- 
proximately 100 times more potent as a cerebral vaso- 
dilator than papaverine, and its duration is more pro- 
longed, e.g., about 30 min for 0.01 mg/kg intravenously 


Group 3 
(Nicardipine, 0.03 mg/kg) 


Group 2 
(Nicardipine, 0.02 mg/kg) 


104.1 + 14.0 103.0 + 12.9 
80.0 + 9.32 78.8 + 12.4% 
88.4 + 18.3 87.9 + 18.7 
109.0 + 19.6 108.0 + 22.1 
7.2 + 3.4 74+ 4.3 
12.2 + 4.28 13.8 + 5.6" 
96.9 + 13.8 95.6 + 12.1 
67.7 + 9,33 65.0 + 12.5% 


(12). In anesthetized dogs, nicardipine increased both 
CSFP and cortical cerebral blood flow (12). The effect 
of nicardipine on CSFP has therefore been attributed 
to an increase in intracranial blood volume resulting 
from an increase in cerebral blood flow (12). 
Nicardipine has cerebro- and cardiovascular ac- 
tions similar to those associated with nifedipine in 
that both agents act mainly on the peripheral vessels, 
especially arterioles, and only little upon atrioven- 
tricular conduction (10,15). According to the report 
by Giffin et al. (11), nifedipine-induced hypotension 
in anesthetized cats increased intracranial pressure, 
but the increase was less than the increase in CSFP 
seen in our study, despite the fact that the reduction 
in mean arterial blood pressure was more pronounced 
in their experiments (55-65% of control values) than 


510° 


ANESTH ANALG 
1986;65:507-10 


in ours. (76-83%). This difference might be attributed 
to the mode of action of the calcium antagonist given, 
the method of its administration (continuous infusion 
vs bolus), and species (cats vs humans). Moreover, 
pentobarbital as an induction agent might have at- 
tenuated the effect of nifedipine on intracranial pres- 
sure in their study. 

It is well-known that vasodilators such as nitro- 
glycerin or nitroprusside produce marked increases 
in intracranial pressure (16-20). Nicardipine also in- 
creased CSFP, though nicardipine appears to be less 
potent in provoking an increase in CSFP for a given 
decrease in mean arterial blood pressure than has 
previously been reported for nitroglycerin (20). This 
might be explained by the fact that nitroglycerin, not 
a calcium channel blocker, acts more strongly on ca- 
pacitance vessels (11,12,21). 

In conclusion, calcium channel blockers given for 
purposes of correcting vasospasm or treating other 
cardiovascular disorders do not cause clinically sig- 
nificant increases in CSFP or harmful sequellae in the 
absence of intracranial pathology. However, the pres- 
ent data suggest that it might be prudent to avoid 
calcium channel blockers in patients with intracranial 
hypertension. Further investigation is necessary to 
determine whether the effects of calcium channel 
blockers on CSFP can be altered by changing either 
the method of administration (19), arterial carbon 
dioxide tension, or volatile anesthetics. 
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Evaluation of Lidocaine as an Adjunct to Fentanyl Anesthesia for 


Coronary Artery Bypass Graft Surgery 


Gregory W. Kasten, MD, and Eddie Owens, MD 


KASTEN GW, OWENS E. Evaluation of lidocaine as an 
adjunct to fentanyl anesthesia for coronary artery bypass 
graft surgery. Anesth Analg 1986;65:511-5. 


A double-blind, randomized, prospective trial was con- 
ducted to evaluate intravenous lidocaine, 3 mg/kg, followed 
by an infusion of 0.05 mg-kg~?-min~', as an adjunct to 
fentanyl in 20 patients undergoing coronary artery bypass 
graft surgery. Lidocaine prevented hemodynamic abnor- 
malities during tracheal intubation and after skin incision, 
but was ineffective in. preventing hypertension following 
sternotomy. Intravencus lidocaine, 3 mg/kg, produced a 


High-dose narcotic anesthesia is a common anesthetic 
technique for patients undergoing coronary artery by- 
pass graft (CABG) surgery. However, several recent 
studies have documented that fentanyl alone may not 
always provide complete anesthesia for this proce- 
dure. Fentanyl (50-100 ug/kg) only incompletely sup- 
presses hemodynamic responses to intubation and 
sternotomy (1,2) and does not always prevent intra- 
operative recall (3,4). 

Numerous studies have evaluated diazepam, ni- 
trous oxide, potent inhalational agents, and nitro- 
glycerin as means to supplement fentanyl anesthesia 
to prevent the above problems. However, when halo- 
thane, diazepam, or nitrous oxide are combined with 
narcotic anesthesia, increased myocardial depression 
has limited their usefulness (5-8). The results of re- 
cent studies examining the effectiveness of nitroglyc- 
erin in preventing myocardial ischemia when used 
with fentanyl were conflicting (9,10). 

Intravenous lidocaine blunts the increase in heart 
rate and blood pressure associated with laryngoscopy 
and tracheal intubation, and has been shown to de- 
crease the minimum alveolar concentration of inha- 
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decrease in mean arterial pressure after fentanyl, 30 g/kg, 
that was unacceptable in some patients. Total fentanyl re- 
quirements for the duration of surgery were similar in the 
control group and in patients given lidocaine. We conclude 
that lidocaine, when administered as an adjunct to fentanyl 
in the dosage used in this study, can cause cardiovascular 
depression, and is of minimal benefit in preventing hemo-— 
dynamic abnormalities after sternotomy during gorra 
la bypass graft surgery. 


Key Words: ANESTHETICS, rocat—lidocaine. ANES- 
THESIA—cardiovascular. | 


lation anesthetics (11-13); lidocaine may be superior 
to morphine as a supplement to nitrous oxide and 
diazepam for cardiac surgery (14). These beneficial 
hemodynamic and general anesthetic properties of 
lidocaine suggested its possible usefulness as a sup- 
plement to fentanyl for cardiac surgery. Our study 
evaluated lidocaine as a supplement:-to fentanyl for 
CABG surgery. 


Methods 


Twenty patients scheduled tor elective CABG surgery 
were assigned to one of two treatment groups in a 
randomized double blind trial. Group F (n = 10) re- 
ceived fentanyl alone; group FL (n = 10) received 
fentanyl and lidocaine. The study was approved by 
the Human Investigations Committee, and all pa- 
tients gave written informed consent. Patients were 
selected according to the following criteria: 1) adult 
male; 2) 45-65 yr old; 3) weight 60-100 kg; 4) angio- 
graphically proven coronary artery disease; and 5) 
currently receiving a B-blocking drug. Criteria for ex- 
clusion from the study were: 1) left main coronary 
artery disease; 2) ejection fraction of less than 45%; 
3) type H or HI atrioventricular block; 4) active seizure 
disorder; 5) lidocaine allergy; 6) hepatic disease; or 7) 
cimetidine therapy. The patients were block random- 
ized into two groups upon entrance to the study ac- 
cording to these criteria: 1) age less than or greater 
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Table 1. Patient Data? 


Fentanyl 

Fentanyl’ and lidocaine” 
Age (yr) 55.1 + 6.0 58.1 + 6.3 
Weight (kg) 74.7 + 5.9 76.8 + 8.9 
Vessels grafted (#) 3.5 + 0.7 3.8 + 0.9 
Ejection fraction (%) 59.0 + 8.8 60.7 + 7.8 


No significant differences between the two groups (P > 0.05). 
"Mean + sp. ' 
èn = 10. 


than 55 yr, and 2) ejection fraction less than or greater 
than 60%. 

Cardiac medications including nitrates, calcium 
channel blockers, and B-blockers were given the 
morning of surgery. Premedication included mor- 
phine sulfate, 0.12 mg/kg, and lorazepam, 2 mg, both 
given intramuscularly 45 min before surgery. Electro- 
cardiogram leads were placed to continuously display 
the MCR; lead to monitor for myocardial ischemia. 
Invasive monitoring included arterial and central ve- 
nous pressure catheters. 

After the patients had been breathing oxygen, 
anesthesia was induced with fentanyl at a rate of 5 
ekg "min? until 30 wg/kg had been given. Pan- 
curonium bromide, 2 mg intravenously, was admin- 
istered after fentanyl, 5 ug/kg, had been given. After 
the patient had lost consciousness during the admin- 
istration of fentanyl, additional pancuronium bro- 
mide, 0.15 mg/kg, was administered intravenously. 
The patient was then given the contents of a coded 
syringe containing either 3 mg/kg of lidocaine or nor- 
mal salirie solution. Tracheal intubation was per- 
formed 2 min later. After intubation, an intravenous 
infusion was started using a coded bottle containing 
either lidocaine at 0.05 mg-kg~*.min~* or normal sa- 
line. The infusion was continued until cardiopulmo- 
nary bypass (CPB) was instituted and then restarted 
after conclusion of CPB when the patient was he- 
modynamically stable. _ 

Mean arterial pressure (MAP), systolic pressure, 
diastolic pressure, heart rate, and central venous pres- 
sure (CVP) were recorded throughout the anesthesia 
at consistent intervals and before and after fentanyl 
and lidocaine administration, intubation, skin inci- 
sion, and sternotomy. 

Intravenous fentanyl, 5 wg/kg, was given when the 
patient responded to stress stimuli with an incredse 
of at least 10 mm Hg MAP or an increase in heart rate 
of 5 beats/min above prestress values. An additional 
5 pe/kg of fentanyl was given intravenously after 3 
min if the hemodynamic variables did not respond to 
the initial dose. If there was no response 3 min after 
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the second dose of fentanyl, nitroglycerin infusion 
(1-2 pe-kg~'min~') and 0.25-0.5% inspired concen- 
tration of isoflurane were administered. Isoflurane and 
nitroglycerin were discontinued upon return of the 
hemodynamic parameters to baseline. This sequence 
was repeated each time the hemodynamic variables 
increased by the previously defined amounts. 

Blood samples were drawn from five patients re- 
ceiving lidocaine and from five control patients not 
receiving lidocaine (to prevent unblinding of the study) 
from the CVP line at the following times: 2 and 5 min 
after the bolus; 15 and 30 min after the infusion began; 
1 min prior to CPB; 2, 5, and 10 min after CPB began; 
1 min prior to CPB termination; and 2, 5, and 30 min 
after termination of CPB. After centrifugation, serum 
levels of lidocaine were measured by fluorescence po- 
larization immunoassay with a lower detection limit 
of 0.01 ug/ml. 

Data were analyzed using Student's t-test for paired 
and unpaired data, and analysis of variance. A prob- 
ability level of P < 0.05 was considered statistically 
Significant. Data are presented as mean + SD. 


Results 


There were no significant differences between group 
F (fentanyl) and group FL (fentanyl + lidocaine) with 
regard to age, weight, number of vessels grafted, or 
ejection fraction (Table 1). Preoperative use of ni- 
trates, calcium channel blockers, and digoxin was 
similar in both groups. The dose of B-blockers was 
similar in both groups, ranging from 80-400 mg/day 
of propranolol and from 50-150 mg/day of metoprolol. 
Administration of lidocaine after fentanyl, 30 g/kg, 
resulted in a significant decrease in MAP and rate 
pressure product (RPP) below baseline levels both 
before and after intubation (Table 2). The decrease - 
was drastic enough (MAP less than 60 mm Hg) in 
three patients to require administration of small doses 
of ephedrine (5-10 mg) intravenously to restore MAP 
to an acceptable level. Lidocaine also caused a sig- 
nificant decrease in MAP and RPP below baseline 
levels both before and after skin incision and a sig- 
nificant decrease in MAP just prior to sternotomy. 
The only significant differences in MAP between 
the two groups of patients were before and after in- 
tubation, with no significant differences between the 
groups at any other time during the study. The ré- 
sponses to sternotomy were similar in both groups. 
Five minutes after sternotomy, MAP and RPP were 
significantly increased above control in both groups 
(Figs. 1 and 2). A significant increase in heart rate 
above baseline levels occurred in group F 1 min after 
sternotomy and in both groups 5 min after sterno- 


ANESTH ANALG 513 
LIDOCAINE AS AN ADJUNCT TO FENTANYL 1986;65:511-5 





co ji 22,3475 
a m = x S ar ` © 22] GROUP F M ARELA 
a2 . a 204 GROUPFL[__]| 
SOE! H H H H H H 
Tej è a ahb © & 3" 
we + & Bm ia = S E 16 14.8£6.8" 
Tot mi gta 
9 
z N qe 110210.5" 
A O R: 5 0 
w S Ee mo m woo o e E a. 
LOE HHI Ho H HO H $ . . 
“EY x x 1N N 6] 50238 4.6+4.8 
s=] 2 8 g J Sg i 
= OR R O i m 2.0431 
On ON E 
0525.6 
oOo D oa & o =a ae ONE MINUTE FIVE MINUTES 
a oO N “ X S x INTUBATION FON int post 
x ak A STERNOTÖMY STERNOTOM 
i 0O 
2 © Ho + Ho H HOH 
Š ; D g 2 T g Figure 1. Changes (mean + sp) in mean arterial pressure (MAP) 
w N È © b TO S 1 min after intubation, 1 min after skin incision, I min after ee 
& notomy and 5 min after sternotomy from levels 30 sec stead : 
5 S S T oe cn N event. Asterisk denotes P < 0.05 as compared to the immediately 
#5 ne oh oe oe preceding value. 
n 8 HUGH Hoè H HH 
a Oo N N wp 
<“|8 3 ¢ ad ag 
iN N 
x z 300 ee 
E = u aw £ E 3 ie croup r W 2990 + 1680 
x 5 ` z © i m aii = GRouPFL[ | 2650 £1760" 
ua HO H Hoè H HO H e reog 
o = in Oo = N No oN a «2080+ 1900" 
3 £ 3 B Go g S g : nese prg 2089190 
r £ 
LE D kassi Š% 2 
= = os oo oS Nw a 
TE- e © að >e = 
£ „S +H + + tl + + a 6704720 
<5 ran g — N ian m = 5354610" 
E ae in a Me ot 
7 © N = = i = Ot $10 
F ONE MINUTE FIVE MINUTES 
1p iD 2 ò PEt INCISION POST POST 
z mB S o A © N STERNOTOMY STERNOTOMY 
v.2 rd gN (Ep) (ap) Ln) r 
$a d : 
+ S £ i ik i 7 = = Figure 2. Increases in rate pressure product (RPP) one min after 
bD a T S Q = ran) S |g intubation, 1 min after skin incision, and 1 and 5 min after ster- 
z = N R E a z notomy from values 30 sec prior to the event. Asterisk denotes 
3 s] P < 0.05 as compared to the immediately preceding value. 
E b È amn ò |S 
o u SO =f : ; Sp Ss 
3 bel uo ah R H | = F and group FL, a significant 
Bs ee oe ee ate tomy. In both group F and group FL, 
S| “3 Se oe ae ae g g increase in heart rate was found 30 min after CPB; 
gi oO n af» . * i 
D el a é there were no significant differences in hemody 
co . 
: 2 è Ss 21 namics between the two groups during or after CPB. 
S| sot = @ 2 2 8 Sie enisi developed ECG evi- 
A ee ee ee ee Three patients in each group develop 
e 2 $ P i i 
3 aes F : j a i 3 dence of myocardial ischemia (>1 mm ST ee 
Q oo (am) A p . . ba . J iba M 7 it 
s “| EA S$ @ & & = in V;) before initiation of CPB; treatment was w 
7 © Q 00 pE nee te i tal fen- 
o v $ § A 9o n Rl ee 4 Differences in requirements for incremen 
2 E WOWO OH H HO H 25 = tanyl dosage, nitroglycerin, and isoflurane were sig- 
= E: = È & 8 8 8 oo tb nificant between the two groups only after the skin 
T S v 68 GS A & Z : incision. Total fentanyl requirements did not differ in 
E z E T EF the two groups: group F, 58.0 + 13.7 ug/kg; group 
a 2 E: S Flea. ld veraged 
T Z.E f mm I| SRB FL, 55.0 + 15.7 ug/kg. The fentanyl dosage a g 
mk pt a pe e en Le a <2 OO ~ , i Á j , 
; ees 3 3 3 = E © [eke 45.4 + 6.9 ug/kg in patients with ejection fractions of 
N G mw Lar ~ ? = . . * bd 
aS 4 T = G Ea i 
D 8 5= & SS" Bs SA) <oe 45-60% and 64.4 + 7.4 wg/kg in patients with ejection 
s nn: 2 fractions of 61-75% (P < 0.01). 


514 ANESTH ANALG 
1986;65:511-5 


— w — a e a 


LIDOCAINE CONCENTRATION {yg/mi) 


Ma aee a e e er er en a ae 


i 


BYPASS 
TERMINATED 


BOLUS 
INFUSION 


BYPASS 
STARTED 


Figure 3. Lidocaine serum concentrations (mean values) in the five 
patients. Each data point corresponds to the time of serum sam- 
pling described in text. The vertical dashed lines indicate onset and 
termination of cardiopulmonary bypass. 


Lidocaine serum levels are shown in Figure 3. The 
initiation of CPB resulted in a significant decrease in 
lidocaine serum levels from 5.4 + 2.5 ug/ml 1 min 
before bypass to 3.0 + 1.0 ug/ml 2 min after initiation 
of bypass. The total lidocaine dose for the duration 
of the procedure was 851 + 160 mg. 


Discussion 


Lidocaine was only minimally effective in preventing 
adverse hemodynamic responses after stressful stim- 
uli during CABG surgery. Lidocaine was beneficial 
during tracheal intubation and skin incision, but 
hemodynamic responses to sternotomy were un- 
changed. During the intense stressful stimulus of ster- 
notomy (15), the hemodynamic responses and the 
need for fentanyl, nitroglycerin, and isoflurane were 
similar with or without intravenous lidocaine. 

The mild beneficial hemodynamic advantages ob- 
tained with adjunctive lidocaine administration dur- 
ing intubation and skin incision were offset by a con- 
sistent decrease in MAP after lidocaine administration. 
Three patients required intravenous ephedrine to re- 
store blood pressure to an acceptable (90 mm Hg sys- 
tolic) level. The hypotension associated with lidocaine 
appears to be similar to that seen when diazepam is 
given with fentanyl (7). 

Several mechanisms could explain the cardiovas- 
cular depression caused by lidocaine administered after 
intravenous fentanyl, including the decreases in car- 
diac contractility and stroke volume seen in animals, 
normal subjects, and patients with coronary artery 
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disease (16,17). Lidocaine has also been shown to be 
additive to propranolol in producing myocardial 
depression (17). In our investigation, patients had 
coronary artery disease and were receiving B-block- 
ade therapy; thus, they were likely candidates for 
additional myocardial depression due to lidocaine. A 
critically ill patient with decreased myocardial reserve 
may develop an even greater cardiovascular depres- 
sion after lidocaine administration, which could be 
detrimental. 

Several studies have demonstrated a general an- 
esthetic-like effect of lidocaine. Lidocaine at serum 
concentrations of 1.1-5.5 ug/ml decreases the MAC 
of nitrous oxide in humans (12), the MAC of enflurane 
and halothane in dogs (12,13), and the MAC of cy- 
clopropane in rats (18). The serum levels in these 
reports are similar to those observed in this study. 
Despite this general anesthetic-like effect of lidocaine, 
we did not find a significant reduction in total fentanyl 
requirements. 

In summary, lidocaine is of limited effectiveness in 
protecting against many of the hemodynamic changes 
that occur during CABG surgery, and it does not de- 
crease fentanyl requirements. Lidocaine did have 
modest beneficial hemodynamic effects during intu- 
bation and skin incision, but these were offset by the 
hypotension that occurred after fentanyl, 30 ug/kg, 
in some patients. This study does not support the 
usefulness of lidocaine as a supplement to fentanyl 
anesthesia during CABG surgery. 


The authors are grateful to Gary Earle, MD, and the Department of 
Cardiothoracic Surgery, University of Kentucky Medical Center 
and the Veterans Administration Medical Center for their partici- 
pation in this study. The authors thank Ms. Ginny Baker for typing 
the manuscript. 
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Clinical Reports 


Anesthetic Management of Patients Undergoing Fontan Procedure 


Phillip N. Fyman, MD, Kenneth Goodman, MD, Pierre A. Casthely, MD, 
Randall B. Griepp, MD, M. Arisan Ergin, MD, and Patricia Smith, SNA 


Major advances in surgical and anesthetic techniques 
have permitted critically ill patients to undergo sur- 
gical correction of complex congenital cardiac defects 
that were previously inoperable. Rodband and Wag- 
ner (1) performed the first experimental right ven- 
tricular bypass. Later, Glenn demonstrated that a right 
heart bypass could be successfully performed in hu- 
mans by anastomosing the superior vena cava to the 
right pulmonary artery (2). This demonstrated for the 
first time that satisfactory pulmonary perfusion could 
be obtained with venous blood pressure. In 1971 the 
first successful case of total venous diversion was re- 
ported by Fontan and Baudet (3). The superior vena 
cava was anastomosed to the distal right pulmonary 
artery, and an aortic homograft was used to anasto- 
mose the right atrial appendage to the proximal right 
pulmonary artery. The Fontan procedure was initially 
developed for patients with tricuspid atresia. Because 
of the favorable outcome, indications for this proce- 
dure were expanded to include more complex cardiac 
lesions. Among these are transposition of the great 
vessels with a univentricular heart, pulmonary artery 
atresia or both. Although the surgical techniques for 
the Fontan procedure have been described in detail 
(3-8), there are no reports describing anesthetic man- 
agement. Safe and effective management of these pa- 
tients during the perioperative period requires ap- 
preciation of the pathological changes that occur before 
and after surgical repair. In this report, we review our 
anesthetic management of eight patients with various 
cardiac deformities who underwent the Fontan 
procedure. 
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Methods 


From December 1982 through June 1985 eight patients 
underwent the Fontan procedure at our institution. 
Patients included four males and four females with 
ages ranging from 4 to 26 yr (with a mean of 13) and 
a mean weight of 38 + 9.6 kg (Table 1). Preoperative 
diagnoses included two cases of transposition of great 
vessels (TGV) and tricuspid atresia, two cases of TGV 
and a single ventricle, with one having pulmonic ste- 
nosis, three cases of tricuspid atresia, one of whom 
also had pulmonary atresia, and one patient with TGV, 
tricuspid atresia and pulmonic stenosis. Six of the 
eight had undergone palliative procedures in the past, 
including Glenn shunts (three), pulmonary artery 
banding (one), Cooley procedure (one), and Potts and 
B-T shunt (one). Preoperatively all patients had nor- 
mal pulmonary vascular resistance (PVR), 1.1 + 0.2 
units (+ SEM), and normal-sized pulmonary arteries. 
In one patient the pulmonary artery pressures were 
increased, but the increases were thought to be sec- 
ondary to high flow. Calculated PVR was normal, and 
lung biopsies done 9 months earlier (at the time of 
pulmonary artery banding) showed no evidence of 
vascular changes. Preoperative arterial blood gas 
measurements (ABGs) done while patients breathed 
room air demonstrated significant hypoxia in all pa- 
tients. Mean pH was 7.39 + 0.01, PcO2 was 25 + 3.1, 
and Po, was 50 + 1.3 mm Hg (+ SEM, Table 2). 
Preoperatively all patients were in New York Heart 
Association (NYHA) Class II or IV. Five patients were 
taking digitalis and diuretics. 

On the day of the surgery patients were premed- 
icated with meperidine, 1 mg/kg, or morphine, 0.1 
mg/kg, intramuscularly, and/or diazepam, 2.5-5.0 mg 
orally approximately 90 min before being brought to 
the operating room. Patients who would tolerate in- 
travenous catheterization were catheterized at that 
time. Adults had arterial and central venous cannulae 
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Table 1. Patient Characteristics 


Patient Age Weight 

number (yr) (kg) Sex 
1 6 14.6 M 
2 4 12 F 
3 17 79.5 F 
4 19 52 F 
5 26 71 M 
6 7 20 M 
7 5 14 M 
8 23 43.6 F 
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Congenital defect(s) NYHA Class 


L-TGV, SV Died 24 hr postoperatively 
TGV, PS, SV II 

TGV, TA NI 

TA I-I] 

L-TGV, TA, PS I-II 

TA, PA $i 

TA I-II 

TGV, TA Il 


Abbreviations: TGV, Transposition of great vessels; SV, single ventricle; PS, pulmonic stenosis; TA, tricuspid atresia; PA, pulmonary artery atresia; NYHA 


Class, New York Heart Associatian Class, postoperatively. 


inserted under local anesthesia while breathing 100% 
oxygen. In patients with an intravenous catheter in 
place, anesthesia was induced with fentanyl, 20-50 
pg/kg, over 5-10 min. Tracheal intubation was facil- 
itated with pancuronium, 0.15 mg/kg. In younger pa- 
tients without an intravenous catheter in place, anes- 
thesia was induced with halothane, 1~1.5%, in 100% 
oxygen. When an adequate plane of anesthesia had 
been achieved, arterial, peripheral, and central ve- 
nous lines were inserted. The distal tip of the central 
venous pressure (CVP) catheter was located in the 
superior vena cava or innominate vein, which was 
confirmed by palpation prior to institution of cardio- 
pulmonary bypass (CPB). Pancuronium was admin- 
istered in the dose noted above, and tracheal intu- 
bation was accomplished. Halothane was then 
discontinued, and fentanyl, 10-30 ug/kg, was admin- 
istered over 10-20 min. Induction of general anes- 
thesia was well-tolerated with minimal changes in 
blood pressure and heart rate. Patients were venti- 
lated using voltime ventilators with tidal volume and 
rate set to maintain ncrmocarbia. Peak airway pres- 
sure was kept below 15 cm of water pressure. Arterial 
blood gas tensions after induction of general anes- 
thesia showed a mean pH of 7.38 + 0.02, Pcos of 
31.6 + 2.3, and a Po» of 102 + 21 (+ SEM), with Po, 
ranging from 48 to 241 mm Hg. After CPB, the mean 
pH was 7.39 + 0.04, Peco: 35.9 + 3.5 and PO, 281 + 
61 mm Hg (+ SEM). The ABGs before and after CPB 
were essentially unchanged except for the marked 
increase in Poa. 

Surgical correction was accomplished by creation 
of direct anastomosis between the right atrium and 
the pulmonary artery. No conduits were used. A peri- 
cardial patch was used to enlarge the anastomosis. 
Cold cardioplegia and systemic hypothermia of 20°C 
were used. Duration of CPB ranged from 80 to 225 
min with a mean of 125 + 16 min (+ SEM). After 
CPB, systemic blood pressure was 85-110 mm Hg 
systolic, mean right arterial pressure and pulmonary 


artery pressures were between 16 and 18 mm Hg, and 
left atrial pressure was 7-10 mm Hg. Patients were 
transferred to the intensive care unit with left atrial 
catheter in place to facilitate postoperative care. Ring- 
er's lactate solution, dopamine (3-5 ugkg`'min™t), 
and sodium nitroprusside (0.5-1 wg-kg~*smin~‘) were 
administered as needed to maintain adequate cardiac 
output. All patients remained in normal sinus rhythm 
after CPB. Six of eight patients required dopamine 
and sodium nitroprusside infusion before they left the 
operating room, and these drugs were continued for 
1-2 days because of low cardiac output. 

Of the seven patients who survived, five were ex- 
tubated on the first postoperative day, and one on 
the second. The seventh patient was resuscitated after 
a cardiac arrest that was precipitated by a respiratory 
event. Because of resulting neurologic damage, pro- 
longed mechanical ventilation was required, neces- 
sitating a tracheostomy. All surviving patients de- 
veloped pleural effusions postoperatively. Two did 
not respond to digitalization and diuretics and re- 
quired thoracentesis. Six patients are now classified 
as NYHA Class I or II, while one remains a Class III. 
Digitalis therapy was begun in all patients prior to 
hospital discharge. 

The eighth patient, a child with L-TGV and a single 
ventricle, died 24 hr postoperatively after an unevent- 
ful intraoperative course. Six hr postoperatively, PVR 
increased, as evidenced by increases in right atrial 
pressure and pulmonary artery pressure to 28 mm 
Hg. Left arterial pressure remained in the 10-12 mm 
Hg range. Progressive hypoxia with severe metabolic 
acidosis developed and was associated with a de- 
crease in mixed venous Po; to 23 mm Hg from 55 mm 
Hg. This low-output syndrome was refractory to var- 
ious combinations of dopamine, sodium nitroprus- 
side, isoproterenol, and epinephrine, in addition to 
intermittent boluses of sodium bicarbonate. The cause 
of pulmonary vasoconstriction was not determined. 
This patient had undergone pulmonary artery band- 
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Table 2. Perioperative Arterial Blood Gases 


pH Pco, Po 
Preoperative 7.39 + 01 $5: 3.1 50-2 1.3 
(Flo, 0.2) 
Before CPB 7.30 +02 323 102 + 21 
(Fio, 1.0) 
After CPB” 7.39 + .04 36 aD 281 + 61 
(Fio, 1.0) 


Abbreviation: CPB, cardiopulmonary bypass. 
"At the termination of surgery. 


ing 6 months prior to the Fontan procedure, which 
reduced the pulmonary artery pressures. These pres- 
sures remained low for at least 2 months postopera- 
tively, as assessed by a substantial gradient across the 
band on Doppler echocardiography. Immediately be- 
fore undergoing definitive surgical correction, this 
gradient had disappeared and the pulmonary artery 
pressure was elevated, which was thought to be sec- 
ondary to increased flow and not increased vascular 
resistance. At the time of surgery, the band was found 
to have eroded through the pulmonary artery and was 
within the lumen, but was not obstructing flow. 


Discussion 


The Glenn procedure was the first shunt used to ef- 
fectively bypass obstruction of blood flow through the 
right ventricle. However, the Glenn procedure was 
never completely satisfactory because of complica- 
tions such as cerebral edema and the development of 
ventilation perfusion abnormalities. In addition, as 
patients grew, the shunt became inadequate. Because 
of these shortcomings, the Fontan procedure was de- 
veloped for patients who would benefit from surgical 
bypass of the right ventricle. This correction creates 
a direct atriopulmonary artery connection. Initially, 
the anastomosis was made using a conduit, with or 
without a valve. Because of serious complications with 
conduits, the anastomosis is now made directly. One 
potential complication is compression of the conduit 
by the sternum, obstructing flow. Another is peel 
formation. This complication occurs in tightly woven 
grafts when the newly formed endothelial lining does 
not adhere to the graft and “peels” off. This too can 
obstruct flow through the graft. Frequently a peri- 
cardial patch is used to permit formation of a wider 
anastomosis. Studies of long-term survivors of the 
Fontan procedure (9) have found that the beneficial 
hemodynamic results persist. Because of its success, 
and its adaptability to other complex congenital heart 
defects, such as TGV with a single ventricle or TGV 
and pulmonary atresia, indications for the Fontan 
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procedure have been expanded beyond tricuspid 
atresia. 

Despite the complex nature of the underlying car- 
diac abnormalities in our patients, all of them had a 
smooth intraoperative course. Hemodynamic stability 
was maintained, both in patients that had inhalation 
induction, as well as those that had a pure narcotic 
technique (4). After weaning from CPB, three quarters 
of the patients required dopamine and sodium nitro- 
prusside because of right-sided heart failure. All but 
one responded well. 

Immediately after CPB, and continuing into the 
early postoperative course, it is important to maintain 
moderately high mean right arterial pressure because 
the main pumping chamber, the right ventricle, has 
been eliminated from the pulmonary circuit. Under 
these circumstances the right arterial pressure serves 
as the pressure head to perfuse the pulmonary sys- 
tem. In this series of patients hemodynamic and met- 
abolic status was usually optimal with a mean right 
arterial pressure in the 16-18 mm Hg range. Because 
the right atrium is not able to contact forcefully, the 
Fontan procedure is contraindicated in patients with 
a high PVR or a small pulmonary artery because ad- 
equate pulmonary perfusion would not occur. 

_ After surgical correction, the right atrium assumes 
a major role in propelling blood into the lungs. Be- 
cause the right atrium’s contractility is much less than 
that of a normal ventricle, an increase in PVR can be 
expected to cause right-sided failure, which is a major 
cause of postoperative morbidity and mortality. Care 
must therefore be taken to avoid high peak airway 
pressure. One precaution is to avoid ventilator set- 
tings or maneuvers that will cause prolonged in- 
creases in duration of inspiration or increases in air- 
way pressure. In our patients, peak airway pressure 
was kept at 15 cm H,0 or less. Other factors that could 
increase PVR were avoided, including “bucking” on 
the ventilator, hypothermia, hypercarbia, and aci- 
dosis. Of the seven surviving patients, five were ex- 
tubated on the first postoperative day, which helped 
alleviate problems with mechanical ventilation that 
might lead to high PVR. 

Positive inotropic drugs, vasodilators, or both were 
aggressively used at the first sign of low cardiac out- 
put as evidenced by decreasing blood pressure with 
increasing mean right atrial and pulmonary artery 
pressures, and by decreases in systemic blood pres- 
sures and mixed venous oxygen concentration. In our 
experience, when failure occurred, initially it involves 
the right side of the heart, never the left, based on 
the above parameters and low left atrial pressure. 
Patients responded well to an infusion of dopamine 
and sodium nitroprusside, the efficacy of which has 
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been previously documented in these circumstances 
(10). Use of sodium nitroprusside can be crucial be- 
cause it maintains low PVR and optimizes right heart 
function, permitting the right atrium to adapt to its 
new role. Furthermore, the dopamine-sodium nitro- 
prusside combination will also help optimize left ven- 
tricular function, through inotropy and reduction of 
afterload, keeping left atrial pressure low. Pulmonary 
perfusion will be enhanced because of the favorable 
pressure gradient going from right to left atrium. 

It is interesting to note that the only death in this 
series occurred in a 6-yr-old boy who developed acute 
pulmonary vasoconstriction 6 hr postoperatively, 
leading to severe right-sided failure. Nine months ear- 
lier he had had a lung biopsy performed during pul- 
monary artery banding. At that time there were 
no histologically demonstrable pulmonary vascular 
changes. Intraoperatively during the Fontan proce- 
dure this patient did well, with pulmonary artery and 
right arterial pressures of 18-20 mm Hg. There may 
be unidentifiable factors, such as increased autonomic 
system activity, that precipitate pulmonary vasocon- 
striction in some patients. 

One patient required creation of a pericardial win- 
dow 3 months after the Fontan procedure because of 
a persistent pericardial effusion. Not uncommonly, 
ascites and low extremity edema may appear almost 
immediately postoperatively but usually resolve within 
a few weeks. However. they can persist for months. 
These complications occur because high right atrial 
pressure impairs venous return. Fortunately, ascites 
and persistent lower extremity edema were not a 
problem in this series. 

In summary, patients undergoing Fontan proce- 
dure respond well to general anesthesia with fentanyl 
or halothane. After CPB it is important to maximize 
pulmonary blood flow. It is also critical to monitor 
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right atrial, pulmonary artery, and left atrial pressures 
to detect hemodynamic deterioration early. Maintain- 
ing right arterial pressure in the range of 16-20 mm 
Hg, observing patients closely for signs of increasing 
PVR, and aggressive treatment of elevation of PVR 
with appropriate pharmacologic agents, are also cru- 
cial. Early extubation is desirable. If pleural effusions 
do develop postoperatively,’ initial therapy should 
consist of digitalization and the administration of 
diuretics. 


We thank Ms. Ellen L. Jackson for manuscript preparation, and 
John Hartung, PhD for editorial assistance. 
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Heparin-Associated Thrombocytopenia: 


Alternative Managements 


J. S. Vender, MD, E. B. Matthew, MD, I. M. Silverman, MD, H. Konowitz, MD, and 


P. C. Dau, MD 





Heparin Associated Thrombocytopenia (HAT) is a well- 
described clinical entity (1-5), frequently requiring 
prompt cessation of heparin therapy to correct the 
thrombocytopenia. Previously recommended man- 
agement also called for discontinuing heparin for sev- 
eral weeks to allow the alteration in platelet aggre- 
gation to normalize prior to the safe readministration 
of heparin. Discontinuation of heparin presents a 
challenging clinical problem in patients who have de- 
veloped HAT and subsequently require urgent car- 
diac surgery. The case report describes the use of 
plasmapheresis to rapidly reverse the immunologic 
abnormality reportedly responsible for HAT, per- 
mitting the early use of heparin in a patient with HAT 
who required urgent cardiac surgery. 


Case Report 


A 50-yr-old man presented with an acute anterolateral 
myocardial infarction that resulted in cardiogenic shock 
refractory to medical therapy. Intraaortic balloon 
counterpulsation (IABP) was instituted, resulting in 
rapid hemodynamic improvement. Cardiac catheter- 
ization revealed a 100% occlusion of the left main 
coronary artery with a right dominant circulation, 
left ventricular hypokinesis, and a 40% ejection frac- 
tion. Urgent coronary artery bypass surgery was 
recommended. 

Since the insertion of the IABP, the patient had 
been receiving porcine lung heparin by continuous 
intravenous infusion. After the initiation of heparin 
therapy, the platelet count progressively decreased, 
reaching a nadir of 31,000 after 8 days. Other coag- 
ulation studies were normal, and hematologic con- 
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sultation was obtained. Initial in vitro heparin-stim- 
ulated platelet aggregation studies were positive, 
suggesting an abnormal, heparin-dependent, IgG 
platlet aggregation factor. A presumptive diagnosis 
of HAT was made, heparin was immediately discon- 
tinued, and a dextran infusion was begun to facilitate 
continued use of the IABP. The platelet count pro- 
gressively increased to 180,000 3 days after discontin- 
uation of heparin. However, platelet aggregation 
studies remained positive, indicating persistence of 
the abnormal IgG platelet aggregation factor (Fig. 1). 

In an effort to reverse the platelet aggregation ab- 
normality and to safely allow early use of heparin, 
plasmapheresis was begun. After the first plasma- 
pheresis treatment, platelet aggregation studies be- 
came negative (i.e., normal) and remained negative 
thereafter. The patient had plasmapheresis on 5 con- 
secutive days and received 35 g of immunoglobulin 
intravenously after the last treatment. 

On the day after completion of plasmapheresis, 17 
days after the myocardial infarction and 9 days after 
heparin was stopped, the patient underwent coronary 
artery bypass grafting surgery. After an uneventful 
induction of anesthesia with fentanyl, 75 ueg/kg, a total 
of 44,000 units of heparin was administered intra- 
venously to prevent anticoagulation during extra- 
corporeal circulation. The activated clotting time 
remained greater than 600 sec throughout car- 
diopulmonary bypass, and the heparinization was re- 
versed with protamine. The lowest postoperative 
platelet count was 180,000, and there was no signif- 
icant postoperative bleeding. Postoperative platelet 
aggregation studies remained negative, and the pa- 
tient was discharged 15 days after surgery without 
complications. 


Discussion 


The administration of heparin has been associated 
with thrombocytopenia in up to 30% of patients (1). 
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Two classic patterns of HAT are described in the lit- 
erature. A mild, benign form of thrombocytopenia is 
most common. The onset is within 1-2 days of the 
institution of heparin therapy, and platelet counts rarely 
decrease below 80,000 (2). There are no hemorrhagic 
or thrombotic complications, and no immunologic ab- 
normality has been identified. A possible mechanism 
is reversible platelet aggregation, margination, and 
sequestration due to ADP release (3). This syndrome 
resolves spontaneously within 3—5 days, is usually of 
limited clinical significance, and requires no specific 
therapy. 

A more severe form of HAT exists with an inci- 
dence of approximately 0.6% (4). This form occurs 7— 
14 days after initiation of heparin therapy and fre- 
quently presents with thrombotic or hemorrhagic 
phenomena, an increase in heparin requirements for 
maintenance of anticoagulation, and an associated 
thrombocytopenia. Platelet counts often decrease to 
below 50,000. Bone marrow biopsy results are either 
normal or reveal increased megakaryocytes consistent 
with peripheral platelet destruction (5). 

An immunologic mechanism has been postulated 
to explain severe thrombocytopenia. Heparin may act 
as a hapten with platelet membranes, thus stimulat- 
ing formation of a membrane antibody, which results 
in platelet aggregation (4). In vivo studies have iso- 
lated increased platelet-associated IgG and C; in af- 
fected patients (6). These patients have positive in 
vitro platelet aggregation studies, and the thrombo- 
cytopenia resolves when heparin is discontinued, fur- 
ther suggesting an immunologic mechanism. 
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Figure 1. Platelet count and platelet ag- 
gregation study results after heparin. 
Platelet counts and platelet aggregation 
study results (A) after heparin was begun, 
& (B) after heparin was discontinued, (C) 
after plasmapheresis was begun, and (D) 
after cardiopulmonary bypass. Positive 
platelet aggregation studies are abnormal. 
Note normalization of platelet aggrega- 


t 
i 
i 
J 
l 
l 
i 
) 
i 
i 
! 
l 
J 
l 
i 
l 
1 
l 
i 
tion studies after plasmapheresis. 
|} 

! 

] 

j 

f 

t 

i 

I 


The cornerstone of management of HAT is discon- 
tinuation of heparin until platelet aggregation studies 
become negative (i.e., normal) (7). This presents a 
potentially serious clinical problem when urgent car- 
diac surgery or other conditions requiring heparin 
therapy are indicated in patients who are recovering 
from HAT. The immunologic abnormality may re- 
solve within 3—4 weeks after discontinuation of hep- 
arin, but positive aggregation studies have been re- 
ported for up to 12 months after the initial onset of 
HAT (3), indicating persistence of the abnormal, hep- 
arin-dependent, IgG platelet aggregation factor. Hep- 
arin rechallenge may induce massive platelet aggre- 
gation if the circulating IgG antibody is still present 
(8). Several management alternatives have been sug- 
gested for patients with HAT who require cardiac 
surgery. Delay of surgery until resolution of the ab- 
normal platelet aggregation studies, although desir- 
able, often is not practical due to the urgency of the 
situation. Warfarin could be used as an anticoagulant 
for cardiopulmonary bypass, but it is not easily 
reversible. 

Pretreatment with platelet inhibitory drugs such as 
dipyridamole followed by heparin therapy while 
platelet aggregation studies are still positive has re- 
cently been reported (9). Although the patient man- 
aged in this way survived, postoperative thrombo- 
cytopenia was significant, and reexploration for cardiac 
tamponade was necessary 17 hr after surgery. Pros- 
tacycline analogs have been used for anticoagulation 
instead of heparin during hemodialysis (10) and as 
platelet inhibitors in patients with HAT receiving hep- 
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arin anticoagulation during cardiopulmonary bypass 
(11). However these drugs may produce hypotension, 
caused by vasodilation. 

We present the first case report of plasmapheresis 
and high-dose y-globulin as an adjunct to manage- 
ment of a patient with HAT who required urgent 
cardiac surgery. Plasmapheresis has been described 
as a therapy for several clinical problems involving 
abnormal IgG antibody, such as myasthenia gravis 
and antiglomerular basement membrane disease (12). 
The goal of plasmapheresis is removal of abnormal 
plasma constituents, such as antibodies, by centri- 
fuging the patient's blood, removing the plasma, and 
returning red blood cells plus colloid and crystalloid. 
Approximately 45% of the body’s IgG is intravascular, 
thus making it immediately accessible for removal by 
plasmapheresis. The remainder of the IgG is in the 
interstitial fluid compartment and gradually reequil- 
ibrates with plasma over time. A series of five large- 
volume plasmaphereses is required to remove 90% or 
more of the antibody initially present. High-dose y- 
globulin has been effective in increasing platelet counts 
in other syndromes presenting with thrombocyto- 
penia, such as idiopathic thrombocytopenia purpura 
(13,14). A mechanism postulated to account for y- 
globulin’s effectiveness in increasing platelet counts 
is that IgG catabolism causes overload and blockade 
of the reticuloendothelial system, thereby reducing 
platelet clearance. In the present case, the combined 
therapy was used in an attempt to clear the abnormal, 
heparin-dependent, IgG platelet aggregation factor 
from the patient’s plasma, promoting immediate con- 
version of the platelet aggregation studies from pos- 
itive to negative, and to increase the platelet count. 
We thus hoped to obviate the need to wait several 
weeks for spontaneous resolution of the platelet ag- 
gregation abnormality before heparin could be ad- 
ministered for cardiopulmonary bypass. 

Heparin-associated thrombocytopenia is an impor- 
tant clinical entity that may delay or complicate the 
administration of heparin for cardiac surgery. Plas- 
mapheresis, followed by high-dose y-globulin, en- 
abled the rapid reversal of the platelet aggregation 
abnormality in the patient we report, and allowed 
early and uncomplicated heparinization for cardiac 
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surgery. This therapy warrants further evaluation in 
the management of patients with HAT who require 
early readministration of heparin. 


The authors thank the Anesthesia Research Committee of North- 
western University Medical School for reviewing this manuscript. 
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Delayed Cephalad Spread of a Lidocaine Spinal Anesthetic Causing 


Ventilatory Failure 


Bruce Kleinman, MD, and Ronald Belusko, MD, PhD 


Spinal anesthesia, irrespective of the local anesthetic 
used, is a time-proven anesthetic technique that pro- 
vides ideal operating conditions for lower abdominal 
and lower extremity operations. Various local anes- 
thetics can be used to inject into the subarachnoid 
space. Tetracaine and lidocaine are the two most ex- 
tensively used local anesthetics. Moore suggests that 
lidocaine should not be used because of a possible 
tendency for delayed cephalad spread (1). However, 
this suggestion is not supported by case reports or 
investigations. A search of the literature failed to re- 
veal articles describing delayed cephalad spread of 
lidocaine used for spinal anesthesia to the extent that 
respiration was impaired. We report such a case. 


Case Report 


A 55-yr-old woman was scheduled for transurethral 
resection of a bladder tumor. Past medical history was 
unremarkable. The patient was 161 cm tall and weighed 
81.3 kg. Physical examination was essentially normal. 

The patient was taken to the operating room and, 
after applying appropriate monitors, we performed 
an atraumatic dural puncture with a 22-gauge spinal 
needle introduced in the L3-4 interspace with the 
patient in the left lateral decubitus position and the 
operating room table in the horizontal position. A 
hyperbaric solution of 1.6 ml consisting of 120 mg of 
7.5% dextrose and 80 mg of 5% lidocaine was injected. 
The patient was then turned to the supine horizontal 
position. Level of pinprick analgesia was at T6 10 min 
after injection. At this time (10 min after injection), 
the patient was put inio the lithotomy position and 
the operation proceeded uneventfully. Forty minutes 
after performance of the spinal anesthetic, the patient 
was taken to the recovery room. On admission to the 


Received from the Department of Anesthesiology, Stritch School 
of Medicine, Loyola University Medical Center, Maywood, Illinois. 
Accepted for publication November 26, 1985. 

Address correspondence to Dr. Kleinman, Department of Anes- 
thesiology, Loyola University Medical Center, 2160 South First Av- 
enue, Maywood, IL 60153. 


© 1986 by the International Anesthesia Research Society 


recovery room she was conscious and alert, but she 
was complaining of dypsnea and was in obvious res- 
piratory distress. The level of analgesia as tested by 
pinprick was above C5. Ventilation was assisted with 
bag and mask. Shortly thereafter, 300 mg of thiopental 
was administered intravenously; the patient was in- 
tubated and placed on mechanical ventilatory sup- 
port. After 60 min of mechanical ventilation, the level 
of anesthesia receded to T10. After discontinuation of 
mechanical ventilation, when she met the criteria for 
extubation, she was safely extubated. Her subsequent 
postoperative course was unremarkable. 


Discussion 


The distribution of local anesthetic drugs in the sub- 
arachnoid space depends upon many factors, some 
of which are controllable by the anesthesiologist (2). 
Spread of drugs in spinal fluid is related to the dif- 
ference in density between the cerebrospinal fluid and 
the local anesthetic (2). Volume of the local anesthetic 
is also important (3). Although not a linear relation- 
ship, the larger the volume injected, the greater the 
area anesthetized. Total dosage, relating volume and 
concentration, can be varied by the anesthesiologist. 
The larger the dose, the larger the area anesthetized 
(4). During use of hypobaric or hyperbaric solutions, 
position of the patient during injection and 5-10 min 
after injection is very important in achieving the de- 
sired anesthetic level (2). It is in this regard that the 
concept of “fixation” of local anesthetics in the sub- 
arachnoid space must be mentioned. Fixation refers 
to the time after intrathecal administration when 
changes in patient position no longer produce changes 
in the level of anesthesia (5,p119). Depending on the. 
local anesthetic, the time for fixation ranges from 5 to 
30 min (5,p119). 

Barbotage, which is the technique of partial injec- 
tion followed by aspiration of cerebrospinal fluid and 
then reinjection, was at one time believed to increase 
the spread of the local anesthetic by creating currents 
that carry the drug widely in the subarachnoid space 
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(5,p108). However, more recent studies suggest that 
barbotage has no effect on the level of anesthesia (6,7). 
Nonetheless, barbotage was not used in this case. 

The force and rate of injection were, at one time, 
also felt to affect the spread of anesthetic agent. This 
was felt to be secondary to the production of turbu- 
lence within the spinal fluid (2). Several studies now 
suggest that the force and rate of injection have no 
clinically significant effect on the spread of anesthetic 
agent in the cerebrospinal fluid (8,9). 

The onset of action for subarachnoid lidocaine is 
almost immediate (10). Our case demonstrates that 
the level of anesthesia either continued to rise or sud- 
denly ascended 40 min after injection into the sub- 
arachnoid space, despite our use of a reasonable dose 
(11). There are some mechanisms that perhaps can 
account for this. The injected lidocaine has a specific 
gravity of 1.035 and baricity of 1.027 at 37°C (10). 
Normal cerebrospinal fluid (CSF) has a specific gravity 
at 37°C of 1.0069 (2). Therefore, under normal con- 
ditions the solution of 5% lidocaine and 7.5% dextrose 
is very hyperbaric. Certainly if the CSF had a higher 
than normal baricity, then the distribution of the drug 
may have been affected. We did not measure the spe- 
cific gravity of this patient’s CSF. However, we feel 
that in the absence of neurologic disease, values of 
CSF specific gravity much beyond normal would be 
unlikely. 

Since the injected lidocaine solution is very hyper- 
baric, a relatively long period of time may elapse be- 
fore it becomes isobaric. During this time, the drug 
will tend to migrate to any dependent position in the 
subarachnoid space. Any motion in which the thorax 
becomes lower than the pelvis could cause cephalad 
spread of the anesthetic. We do not recall, however, 
any time in which this patient’s thorax was lower than 
her pelvis. Another mechanism involves the concept 
of fixing of the drug to a nerve, which may be related 
to lipid solubility of the local anesthetic. We hypoth- 
esize that because lidocaine (partition coefficient 2.9) 
(12) is not as lipid soluble as other longer acting local 
anesthetics such as tetracaine (partition coefficient 4.1) 
(12) or bupivacaine (partition coefficient 27.5) (12), it 
will not fix as readily and therefore will be available 
for further cephalad migration in the subarachnoid 
space. In this regard it is important to point out that 
time of onset of a local anesthetic is related not only 
to its lipid solubility but also to its pKa (13). Therefore, 
it is possible for an agent such as lidocaine, with a 
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relatively low pKa, to have a rapid onset time even 
though it is not as lipid soluble as tetracaine or 
bupivacaine. 

This case, we believe, has an important clinical les- 
son. Reliance upon a single measurement of the sen- 
sory level of anesthesia 10 min after injection of a local 
anesthetic is neither safe nor reliable. Level of anes- 
thesia should be tested repeatedly, both intraopera- 
tively and postoperatively. In addition, when used 
for spinal anesthesia, lidocaine may have a tendency 
for delayed cephalad spread even 40 min after the 
administration of the local anesthetic. Level of anes- 
thesia after subarachnoid block using hyperbaric lido- 
caine should be closely monitored to detect delayed 
cephalad spread. 
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a-Pattern EEG during Pediatric Cardiac Operations under 


Isoflurane Anesthesia 


P. D. James, MB, BS, FFARCS, G. A. Volgyesi, PEng, and F. A. Burrows, MD, FRCPC 


Previous studies of the effects of isoflurane anesthesia 
on the electroencephalegram (EEG) in humans (1-3) 
have reported consistent findings of the appearance 
at sub-MAC concentrations of 12-14 Hertz low- 
amplitude activity superimposed on 2-6 Hertz high- 
amplitude waves. At about 1 MAC there is loss of 
amplitude in the 12-14 Hertz band leaving predom- 
inant 2-6 Hertz activity. From 1.5-2 MAC alternate 
low (6-8 Hertz) and high (2-6 Hertz) amplitude, ac- 
tivity appears in a burst-suppression pattern. We have 
studied six children who developed unusual EEG 
changes associated with the introduction of isoflurane 
during cardiac surgery. We present two typical cases 
in detail and discuss the implications for this group 
of patients. The six cases were part of a larger study 
looking at EEG changes in 48 children during cardiac 
surgery. Of the other 42 children in the study (all 
undergoing cardiac surgery), 22 received isoflurane, 
and none of these 22 children showed the unusual 
EEG changes associated with the introduction of iso- 
flurane described here. The decision to use (or not to 
use) isoflurane in any of our patients was based solely 
on the clinical requirements of each patient (e.g., to 
aid rewarming, to control hypertension). 


Case 1 


A 4¥2-yr-old cyanotic child undergoing repair of te- 
tralogy of Fallot was anesthetized with morphine sul- 
phate (150 wg-kg~“hr~'). During uneventful cardio- 
pulmonary bypass (CFB) the patient was cooled to 
21°C (esophageal). Isoflurane (1.5% inspired concen- 
tration) was introduced (Fig. 1b) and increased to 2 
and 3% after 4 and 9 min to aid rewarming. The pa- 
tient’s EEG was monitored continuously with a Neu- 
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rotrac compressed spectral array monitor (CSA), with 
F3P3, F4P, electrode placings (international 10/20 sys- 
tem). The introduction of isoflurane was associated 
with an abrupt change in the dominant frequency of 
the EEG. The previously dominant 6/6 band (0.5-7.5 
Hertz) was rapidly replaced by a high amplitude a 
(and low 8) band (10-14 Hertz) with a reciprocal de- 
crease in the power of the lower frequencies. At this 
point the esophageal temperature was 37.5°C, rectal 
temperature 29°C, Paco, 33 mm Hg, and PaO, 228 
mm Hg. During this period, mean arterial pressure 
(MAP) was 40 mm Hg (extracorporeal, nonpulsatile 
circulation) and did not decrease below this level. This 
dominant, rhythmic a-lowf band persisted for ap- 
proximately 18 min, at which point the isoflurane was 
turned off prior to coming off CPB. The a band abruptly 
disappeared (Fig. 1c), to be replaced by the previous 
5/6 dominance. Figure 2 shows the development (and 
persistence) with time of the abnormal band and the 
reversion to a lower frequency dominance after the 
isoflurane was discontinued. This child suffered mi- 
nor neurologic problems postoperatively (emotional 
flattening and seizure activity). 


Case 2 


A 10-yr-old boy with cyanotic heart disease was anes- 
thetized with fentanyl (15 wg-kg~'hr~*) and nitrous 
oxide (50%) in oxygen for creation of a Blalock—Taus- 
sig shunt. Premedication was with intramuscular 
pentobarbital (2 mg/kg), morphine sulphate (0.2 mg/ 
kg), and atropine (0.02 mg/kg). Cardiopulmonary by- 
pass was not used. Isoflurane was introduced 4% hr 
after induction of anesthesia with a view to discon- 
tinuing the fentanyl infusion to enable possible ex- 
tubation at the end of the procedure. The EEG, mon- 
itored as in case 1, had been stable since the start of 
surgery, showing an EEG pattern characteristic of fen- 
tanyl anesthesia, consisting predominantly of lower 
frequencies (0.5-4 Hertz). When isoflurane (1.5% in- 
spired concentration) was introduced (Fig. 3a) the 
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Figure 2. Development of changes in the EEG with time (minutes) 
after introduction of isoflurane in case 1. The return to previous 
8/0 frequency dominance is seen 2 min after discontinuing the 
isoflurane. Inspired (Fi) isoflurane concentration is shown. 


dominant frequency of the EEG increased, with high 
amplitude activity in two frequency bands, a (8-11 
Hertz) and low £ (15-18 Hertz). The lower frequencies 
decreased in power. These bands persisted for 12 min 








with only a slight tendency to move to a lower fre- 
quency in the low 6 band. During this period, the 
lowest esophageal temperature was 35°C, the Paco, 
43 mm Hg, and the Pao, 63 mm Hg. Mean arterial 
pressure was at or above 80 mm Hg. With cessation 
of the isoflurane (Fig. 3b), the a and $ bands rapidly 
disappeared, the EEG reverting to the previous low 
frequency pattern. Rechallenge with isoflurane 11 min 
later (Fig. 3c) produced the same change of patterns. 
The child made an uneventful postoperative recovery. 

The details of all six children in whom we have 
found similar pattern changes are shown in Table 1. 
Table 1 also shows the frequency bands that devel- 
oped in each case. None of the six children had known 
preoperative neurologic abnormalities. Only one child 
(case 1) suffered postoperative neurologic problems. 
The six children reported here were the only patients 
in our study group of 48 children to show these un- 
usual EEG changes, although 22 out of the remaining 
42 children in this larger study group received iso- 
flurane during cardiac surgery. 


Discussion 


In contrast to previous reports documenting EEG 
changes with isoflurane, we have found unusual a 
(and low B) frequency bands of high amplitude and 
rhythmicity after the introduction of concentrations 
of isoflurane above 1 MAC in children undergoing 
cardiac surgery (1-3). The group of children studied 
so far is too small to make definitive analysis possible, 
but certain features are worthy of discussion. 

We have been able to look for these changes only 
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Figure 3. Compressed spectral array of un- 
usual EEG changes with isoflurane in case 
2. Isoflurane (1.5% inspired concentration) 
was introduced at (a) and (c}, and discon- 
tinued at (b) and (d). Two high amplitude, 
rhythmic barids can be seen, 8-11 Hz and 
15-18 Hz. The period (a-t) is approxi- 
mately 12 min in duration. 
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in children undergoing cardiac surgery, so we cannot 
say if such changes are unique to this group of pa- 
tients. As shown in Table.1, four of the six patients 
had cyanotic heart disease, a higher incidence than 
in our overall study group. of 48 children (of whom 
17 had cyanotic heart disease). The number of patients 
we have studied to date is too small to say whether 
the EEG changes we found represent a chance finding 
or whether a cause-and-effect association exists. All 
six. children received a narcotic-relaxant anesthetic 
technique (as did the other 42 children) but varied 
widely in the degree of hypothermia utilized (Table 
1). Changes in acid-base status or Paco, were un- 
likely to have caused the EEG changes we described 
because they were maintained within acceptable limits. 
The changes in EEG we found associated with iso- 
flurane do not show the EEG changes in frequency 
and amplitude during isoflurane anesthesia described 
by Eger and others (1-3). Instead, once a threshold 
concentration of isoflurane was attained (approxi- 
mately 1.5% inspired concentration), the prominent 
à (and low 8) band appeared (within 2-3 min) and 
maintained a high amplitude (peak amplitude ap- 
proximately 400 uV} with remarkable rhythmicity un- 
til the isoflurane was discontinued. Only a slight 
decrease in frequencv and amplitude was- seen, 
even after 18 min of 1.5-3% isoflurane (inspired con- 
centration) (Fig. 1). Although unable to measure 
end-tidal isoflurane levels, we can calculate (utilizing 
end-tidal studies recently performed on identical an- 
esthetic systems) that alveolar isoflurane concentra- 
tions reached about 1.25% after 10 min of 1.5% in- 
spired isoflurane. During anesthesia, utilizing 50% 
nitrous oxide arid fentanyl (15 wg-kg™'hr~' in case 
2), this represents an alveolar isoflurane concentration 
of 1.5-2 MAC (4,5). EEG slowing would be expected 
with this concentration even over short periods of 
time. We have not seen burst-suppression patterns 
with isoflurane in these children, even with long pe- 
riods of 2 MAC anesthesia. The tracings often show 
a reciprocal decrease in the lower frequencies on ap- 
pearance of the a band (Figs. 1, 2, 3), a finding that 
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contrasts sharply with other reports (1-3). Although 
we realize that a serious weakness in our study was 
our inability to accurately.monitor.isoflurane concen-. 
trations, we do not believe that any of the patients - 
presented here were- lightly anesthetized. Other 
workers utilizing comparable isoflurane concentra- 
tions have not reported similar findings (3). We have 
administered isoflurane to a group of 12 noncardiac. 
patients (ASA I and II children, ages 5-9 yrs) and 
have not found any comparable anomalous EEG find- 
ings. We have, however, found, in line with reports 
of others, that at concentrations similar to those re- 
ported here the EEG showed a-marked shift. to the 
left with burst-suppression patterns at between 1.5 
and 2 MAC isoflurane. 

The changes in EEG we found in our six children 
were most commonly seen during rewarming or after . 
coming off CPB. Whether this was due to the use of 
isoflurane to aid rewarming or to an effect of CPB in 
predisposing patients to this effect; we cannot say. 
Because two of the patients showed. typical EEG pat- 
tern changes without CPB or significant hypothermia, 


‘the effect cannot be due simply to CPB or hypothermia.. 


Furtherrhore, the changes we observed in our chil- 
dren were unlike common patterns of seizure activity. 
The changes did, however, bear a strong similarity to 
the a-pattern coma (APC) reported -after traumatic 
brain-stem infarctions, head injury, overdose: with 
certain drugs (including phenobarbital), and cardio- 
pulmoriary arrest (6-8). Prognosis after APC depends 
on the etiology being better after drug overdoses than 
after cerebral hypoxia. Subtle neurologic deficits, 
however, cannot be ruled out in APC (6,8). In the 
clinical situations represented by the present study, 
we can rule out. the normal a-rhythm and sleep spin- 
dles as a possible explanation of the changes we ob- 
served. The mechanism of APC has beén postulated 
as brain-stem ischemia or depression interfering with 
the ascending réticulo-activating system (6,8). It ap- 
pears that isoflurane may produce similar changes in 
the EEG as APC under different clinical circum- 
stances. We can, however, only theorize over the 
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Table 1. Details of the Six Patients Observed Displaying Unusual EEG Changes during Cardiac Operations under 


Isoflurane Anesthesia 


Mean 
arterial 
Age Timing of pressure 
Number (yr) Cyanosis effect (mm Hg) 
1 4.5 yes Rewarming 4" 
2 4 yes After CPB 75 
3 5 — After CPB 70-85 
4 10 yes No CPB 80 
5 10.5 — No CPB 95 
6 5 yes Rewarming 5” 


Mean arterial pressure and Paco, measured at time of EEG change. 
Abbreviation: CPB, cardiopulmonary bypass. 
"Extracorporeal, nonpulsatile perfusion. 


mechanism by which isoflurane, if it is the cause of 
the EEG changes we observed, might cause brain- 
stem ischemia (lowered regional perfusion pressure; 
direct toxic effect). However, the circulatory effects of 
CPB and hypothermia, especially in cyanotic children, 
may decrease the tolerance of the brain-stem to is- 
chemic or toxic insults. No significant decrease in cere- 
bral perfusion pressure occurred in any of our cases. 

The cases we report leave many questions unan- 
swered. The cause of EEG changes we have seen in 
children underoing cardiac surgery remains to be 
proven. Possible long-term neurologic effects asso- 
ciated with these EEG changes can be determined 
only by sophisticated postoperative neurologic eval- 
uation, though to date we have no reason to believe 
these changes are not reversible. Similar EEG changes 
have also been reported in adults exposed to lower 
concentrations of isoflurane (9). 


The authors thank Dr. Paul Hwang of the Department of Clinical 
Neurology at The Hospital for Sick Children, Toronto. We also 
thank Ms. Shue Lin Loo for helping to prepare this article. 


Esophageal 
ice tik Abnormal 
(C) EEG 
l Paco, frequency 
Other agents At time Lowest (mm Hg) band (H2) 
Morphine 37.5 21.0 33 10-15 
Fentanyl 37.0 22.5 41 8-14 
Morphine 37.5 13.0 37 10-14 
Fentanyl/NzO 35.0 35.0 43 8—11/15-18 
Morphine/N2O 36.0 35.5 36 8-12 
Morphine 35.2 26.0 35 8-11 | 
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Improved Remote Cardiorespiratory Monitoring during 


Radiation Therapy 


Jyoti B. Pandya, MD, and John T. Martin, MD 


Anesthesiologists are being asked more and more often 
to administer anesthesia to patients who are having 
high-energy radiation from a linear accelerator ap- 
plied to a tumor site through an open surgical wound. 
Because of the nature of the radiologic equipment, 
intraoperative radiation therapy must be accom- 
plished in the radiology suite and requires that only 
the patient be exposed to the active beam. Thus re- 
mote monitoring of a relaxed, mechanically ventilated 
subject with a carefully stabilized cardiovascular sys- 
tem is mandatory. These requirements provoke suf- 
ficient anxiety on the part of many anesthesiologists 
to cause them to avoid participation in such a pro- 
cedure. We report here a simple refinement of car- 
diorespiratory monitoring in which the output of an 
esophageal stethoscope is converted to an electrical 
signal that is transmitted via a cable to a loudspeaker 
at the remote control point. 


Materials, Methods, and Results 


Our customary monitoring of an anesthetized patient 
undergoing intraoperative radiation therapy consists 
of a multilead ECG; an arterial catheter for blood pres- 
sure measurement and blood gas sampling; an oxi- 
meter, a respiratory pressure gauge, and an infrared 
carbon dioxide analyzer in the breathing circuit; and 
a temperature probe and stethoscope in the esopha- 
gus. A multilumen, flow-directed pulmonary artery 
catheter can be accommodated should the patient's 
condition require it. The usual intravenous lines for 
administration of warmed fluids and blood products 
completes a support and assessment capability iden- 
tical to that available in the operating suite. On the 
wall of the protected control point, hard-wired to the 
patient (because of the shielded room), is an ECG/ 
pressure monitor (Tektronix. Model 414) identical to, 
and with its output slaved to, the unit on the anes- 
thesia machine. Zoom-and-focus high-resolution tele- 
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vision cameras aimed at the patient permit viewing 
of ventilation and can clearly display the dials and 
meters on the face of the anesthesia machine. 

Although this arrangement permits useful and con- 
stant surveillance of the patient by the distant anes- 
thesiologist, we have increased its safety by intro- 
ducing a remote audio output for the esophageal 
stethoscope. Into the barrel of a 20-ml disposable plas- 
tic syringe we introduced an electret microphone (Ra- 
dio Shack Cat #33-1058), the body of which had been 
expanded by enough adhesive wrappings to make a 
snug fit against the syringe interior. A 120-cm vinyl 
extension tubing (BD-8288) connects the syringe tip 
to the external end of the esophageal stethoscope; the 
syringe/microphone unit is mounted conveniently on 
the anesthesia machine. Two 7.7-m microphone ex- 
tension cables (Radio Shack Cat +42-2379) were hooked 
in series, connected via an adaptor plug (Radio Shack 
Cat ##274-325A) to the microphone cable, and led safely 
about the perimeter of the room to exit through an 
angulated conduit that emerges at the control point 
outside. The microphone extension cable was plugged 
into a portable speaker/amplifier (Radio Shack Cat 
432-2028) chosen because of its intrinsic power sup- 
ply and adjustable controls for tone and volume. The 
speaker was shelf-mounted next to the slave Tektro- 
nix unit (Fig.1). Heart sounds and respiratory sounds 
can now be transmitted from the patient to the remote 
station during treatment. 

At the end of a procedure, the microphone is re- 
moved from the syringe housing, and its battery is 
extracted to preserve its useful life. The remaining 
items of the apparatus are maintained intact for sub- 
sequent use. We have employed this equipment rou- 
tinely for more than 2 yr without encountering 
problems. 


Discussion 


Conceptually, the technique of amplifying heart sounds. 
and breath sounds that we describe is similar to that 
reported by Marsh et al. (1), although our equipment 
is different and we do not use several of their mod- 
ifications. Skaredoff and Viguera (2) used a carbon 
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Figure 1. (A) Esophageal stethoscope; (B) 120-cm vinyl extension 
tubing; (C) the barrel of a 20-ml disposable plastic syinge; (D) elec- 
tret microphone, (E) 7.7-m microphone extension cable; (F) Lead- 
reinforced concrete wall with angulated conduit; (G) speaker/am- 
plifier unit at remote control point. 


button microphone located paratracheally as a res- 
piratory monitor; however, they made no mention of 
its ability to discern heart sounds. 

Our purpose in developing this equipment system 
was to use readily available and compatible compo- 
nents that emphasize safety, simplicity, and econ- 
omy. We also wished it to be reusable without the 
recurrent need for heat or chemical sterilization. Ton- 
nesen et al. (3) have described an intraesophageal 
microphone for phonocardiographic recording; how- 
ever, because our electronics are remote from the 
patient rather than intraesophageal, we believe that 
the hazard of microshock dysrhythmias in our system 
is almost nonexistent. The adjustability of tone and 
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volume at the remote speaker makes sound recog- 
nition similar to that achieved through an ear piece. 
Any change in the sounds of mechanical ventilation, 
and particularly the sudden silence of an airway that 
has become disconnected from the respirator, is im- 
mediately evident at the remote speaker. This aware- 
ness exceeds that provided by watching respiratory 
motion on the video screen, although both modalities 
should be monitored. Similarly, cardiac dysrhythmias 
are audible, as well as visible on the ECG, and can 
be captured on the paper tracing of the slave ECG 
unit. 

An added asset of our basic electronic system is 
that it retains the capability for daily routine use as 
an amplifier of sounds derived from a chest stetho- 
scope placed in the suprasternal notch over the airway 
of a patient in whom anesthesia is being induced or 
maintained while a face mask is in use. Changes in 
respiratory sounds provoked either by airway ob- 
struction or by weakened muscular effort can be read- 
ily recognized even by inexperienced observers. 

The equipment described herein is easily available 
and durable. Its use improves remote monitoring for 
safe anesthesia of the patient undergoing intraoper- 
ative radiation therapy. 
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Epidural Morphine Analgesia by Means of a Subcutaneously 
Tunneled Catheter in Patients with Gynecologic Cancer 


Ottó Hamar, MD, S. Csömör Jr, MD, Z. Kazy, MD, and Z. Vigvary, MD 


Analgetics and psychopharmaceuticals fail, even in 
high doses, to produce complete pain relief in patients 
with advanced gynecologic cancer. Due to their side 
effects, these agents, not totally effective, confine pa- 
tients to bed and disturb contact with the environ- 
ment and their families (1). To proceed with destruc- 
tive neurosurgical methods to provide pain relief in 
patients with terminal cancer is pointless today (2), 
because epidural morphine analgesia (EMA) is ca- 
pable of improving the quality of the patient’s life in 
the last stage of cancer (3,4,5). Conventional methods 
of catheter fixation in patients requiring long-term 
management with epidural morphine, may, however, 
cause slight inconvenience to the patient when bath- 
ing, and the catheter can be displaced or damaged. 
To resolve these technical problems, we suggest sub- 
cutaneous tunneling of the epidural catheter (6). 


Materials and Methods 


Fifty women with advanced gynecologic cancer re- 
ceiving epidural morphine analgesia were studied. In 
25 cases (group A) subcutaneous tunneling was used 
and in 25 cases (group B) conventional methods were 
used, by which the catheter is not tunneled subcu- 
taneously after insertion into the epidural space, but 
is fixed externally with clear adhesive tape to conduct 
the epidural catheter onto the abdominal wall. 


Group A 

Materials necessary in addition to those used to in- 
troduce a catheter into the peridural space include a 
scalpel, forceps, sutures, and a subcutaneous tun- 
neling device (Portex Limited Hythe, Kent, England) 
that resembles a hollow knitting needle. The epidural 
catheter is introduced by a Tuohy needle into the 
epidural space, usually at level L3—-4, and then guided 
3—4 cm cranially according to standard procedures. 
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We administer a short-acting local anesthetic (10 ml 
1% lidocaine) through the catheter after it is in place 
to ensure pain relief for the subsequent tunneling of 
the catheter subcutaneously. (We prefer this method 
to local infiltration of the operative site.) An incision 
is then made extending cranially and caudally 0.1-1.0 
cm from the point of insertion of the Tuohy needle; 
the needle is then removed. The skin is then lifted 
with forceps, and the tunneling device is introduced 
subcutaneously and guided laterally. At the posterior 
axillary line a second incision is made near the tip of 
the tunneling device. When the tunneling device ap- 
pears through the second incision, the catheter is 
threaded into the device, after which the tunneling 
device is removed laterally through the second inci- 
sion. By repeating the procedure one or two times, 
the catheter can be advanced to a position on the 
anterior abdominal wall. We usually have the distal 
end of the catheter exit from the skin in the midcla- 
vicular line at the lower edge of the rib cage. The 
wounds at each incision site are closed with one su- 
ture each. The catheter can be cut to the desired length. 
A bacterial filter (disc or flat type) is then attached to 
the catheter, after which the catheter is secured with 
opsite or adhesive tape. 


Group B 


Epidural morphine analgesia was carried out on 25 
patients using the conventional technique, whereby 
the catheter was placed in the desired position and 
secured to the skin with clear adhesive tape. Each 
patient was taught to self-administer morphine so- 
lution as prescribed and was monitored by out-patient 
visits at intervals of 7-10 days. The average single 
dose was 8 mg (2-20 mg) and the total daily dose 
averaged 14 mg (4-26 mg). Pain relief lasted up to 12 
hr with each injection even over a period of days. We 
found no signs that tolerance had developed. 


Results 


Pain relief was complete in each patient in both groups. 
The average period of treatment with EMA was 69 
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days (2-289 days) in group A and 65 days (1-201 days) 
in group B. 


Complications 


In group A, 24 patients were complication free during 
their course of treatment. One catheter became plugged 
and had to be removed. In group B, 20 patients were 
complication free. Two catheters became obstructed, 
and two catheters slipped out of the epidural space. 
In orie patient local infection developed at the site of 
insertion of the Tuohy needle. 


Discussion 


The disc type filter is not ideal for fixation against the 
skin and can cause the catheter to kink if not properly 
splinted. The flat filter lies flat agdinst the patient's 
skin, ensuring both comfort and full flow through the 
catheter. EMA is effective for the relief of terminal 
pain caused by gynecologic cancer. Subcutaneous 
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tunneling of the catheter causes fewer complications. 
It is easier to manage and less inconvenient to the 
patients than are catheters that exit from the posterior 
or dorsal site of insertion of the catheter into the epi- 
dural space. 
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Ventricular Tachycardia and Hypotension with Amniotic Fluid 


Embolism during Cesarean Section 


Kamlesh Shah, MD, Roberta Karlman, MD, and John Heller, MD 


Obstetrical patients presenting with acute or chronic 
hypertension usually do not develop myocardial is- 
chemia or arrhythmias during cesarean section. We 
report a case of life-threatening ventricular tachycar- 
dia in a hypertensive patient secondary to docu- 
mented amniotic fluid embolism during cesarean sec- 
tion under lumbar epidural analgesia. 


Case Report 


A 41-yr-old woman, para 1, gravida 2, at 383 weeks 
gestation was scheduled for urgent repeat cesarean 
section because of failure of labor to progress. She 
was 162 cm tall and weighed 85 kg. She had gained 
18 kg during the current gestation. Her medical. his- 
tory revealed a previous pregnancy 10 yr ago asso- 
ciated with preeclampsia for which she had under- 
gone cesarean section. The chronic hypertension that 
persisted after the delivery was treated with meth- 
yldopa, 250 mg four times per day. Prior to the current 
gestation, the patient complained of dyspnea on mpd- 
erate exertion and left-sided chest pain, symptoms 
she continued to have during the current gestation. 
The patient’s complaint of chest pain was mostly re- 
lated to moderate exertion, lasting 1-5 min, and was 
relieved by rest. She took no medications for the chest 
pain. Six weeks prior to this cesarean section, the 
patient was examined by a cardiologist. An echocar- 
diogram and electrocardiogram showed left ventric- 
ular hypertrophy but no evidence of myocardial ische- 
mia. The cardiologist decided not to subject the patient 
to more definitive diagnostic tests such as treadmill 
exercise or coronary angiography during her preg- 
nancy. 

The cesarean section was planned under lumbar 
epidural analgesia. Monitoring prior to anesthetic in- 
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duction included ECG, intraarterial blood pressure, 
pulmonary artery and pulmonary capillary wedge 
pressure, and skin temperature. Hemodynamic find- 
ings immediately prior to epidural analgesia included 
heart rate (HR) 80 beats/min, arterial blood pressure, 
220/100-280/120 mm Hg, pulmonary artery pressure 
(PAP), 33/8 mm Hg, and mean pulmonary capillary 
wedge pressure (PCWP), 14mm Hg. Lead II and chest 
lead V; ECG tracings showed no evidence of myo- 
cardial ischemia or dysrhythmias. 

The patient received 600 ml of lactated Ringer’s 
solution with 5% dextrose before initiation of epidural 
analgesia. The lumbar epidural space was identified 
and, after an appropriate test dose of 3 ml, a total of 
25 ml of 0.5% bupivacaine was injected through a 17- 
gauge Tuohy needle over a period of 10 min. A 20- 
gauge epidural catheter was threaded into the epi- 
dural space. The operation started after a sensory level 
of Te was achieved. The patient remained hemody- 
namically stable during this period with an arterial 
pressure of 190/100 mm Hg and a PCWP of 9 mm Hg. 

Immediately prior to the delivery of the fetus, the 
patient complained of pain below the left breast dur- 
ing uterine manipulation. Heartrate and systemic blood 
pressure did not change significantly, but the PAP 
increased from 35/9 to 38/16 mm Hg. There was no 
indication of ischemia on ECG, in lead II or in chest 
lead V;. Eight minutes after the skin incision, a male 
infant was delivered with Apgar scores of 8 and 9 at 
1 and 5 min. The patient continued to complain of 
left-sided chest pain during the delivery of the fetus 
and placenta. 

A diagnosis of myocardial ischemia was enter- 
tained because of the chest pain and: increased pul- 
monary artery diastolic pressure. An infusion of in- 
travenous nitroglycerin 0.1 mg/ml was initiated at a 
rate of 30 ml/hr without relief of chest pain. Ten.min- 
utes after the initiation of nitroglycerin therapy, three 
episodes of ventricular tachycardia with a rate ranging 
from 160-190 beats/min were observed over a period 
of 2 min. Each episode lasted about 8-10 sec and was 
associated with a decrease in systolic arterial pressure 
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to 70 mm Hg. Intravenous lidocaine, 50 mg, admin- 
istered twice converted the ECG to sinus rhythm. 
However, after 2 min of normal sinus rhythm, epi- 
sodes of ventricular tachycardia with a rate of 170 
beats/min recurred, associated with a decrease in sys- 
tolic arterial pressure to 70 mm Hg. It was decided to 
perform an orotracheal intubation to protect the air- 
way and achieve adequate oxygenation. Intubation 
was accomplished uneventfully. General anesthesia 
was induced to avoid probable awareness or recall of 
the events and was maintained with 12.5 mg of in- 
travenous diazepam and total 150 mg of ketamine 
administered over a period of 45 min. Metocurine was 
administered to facilitate controlled ventilation with 
100% oxygen. The patient’s hemodynamic state did 
not change significantly during the remaining intra- 
operative and postoperative period. Intravenous ni- 
troglycerin infusion, 0.1 mg/ml, was continued at a 
rate of 30 ml/hr to-maintain PCWP in the range of 
8-12 mm Hg. The patient was extubated 2 hr later in 
the recovery room. 

A mixed venous blood sample from the distal lu- 
men of the pulmonary artery catheter was sent to the 
laboratory for microscopic examination. Electrocar- 
diogram and plasma levels of cardiac enzymes were 
normal in the immediate postoperative period and 
remained normal for the next 3 days. A diagnosis of 
amniotic fluid embolism was confirmed by the pres- 
ence of fetal cells, debris, and lanugo hair in the mixed 
venous blood sample. The patient’s vital signs re- 
mained stable, and she was asymptomatic during the 
remainder of her hospital stay. She was discharged 
on the seventh postoperative day without residual 
complications. 


Discussion 


Amniotic fluid embolism is an unpredictable, largely 
unpreventable, and mostly untreatable catastrophe. 
The reported incidence of amniotic fluid embolism 
ranges from 1 in 8000 to 1 in 80,000 births. In his 
review of 272 cases of amniotic fluid embolism, Mor- 
gan found a mortality rate of 86% (1). | 
Amniotic fluid embolism most commonly occurs 
during labor or delivery. It is postulated to occur after 
a tear or a defect in the membranes adjacent to open 
maternal vessels either at the placental implantation 
site or at the lower uterine segment. Other possible 
conditions associated with amniotic fluid embolism 
include traumatic disruption of the uterus, cesarean 
section, placenta accreta, amniotomy, and insertion 
of intrauterine pressure monitoring catheters. 
Clinical features of amniotic fluid embolism in the 
peripartum period inchide dyspnea, tachypnea, cy- 
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anosis, and, rarely, chest pain (2). These patients may 
present with hypotension out of proportion to blood 
loss. Cardiorespiratory collapse with hypotension and 
supraventricular or ventricular arrhythmias, brady- 
cardia, and asystole are not uncommon. Pulmonary 
hypertension is almost invariably noticed and may be 
the initiating event for cardiorespiratory collapse (3). 
Other features of amniotic fluid embolism include 
pulmonary edema, acute left ventricular failure, hy- 
potension, unconsciousness, aspiration of stomach 
contents, disseminated intravascular coagulopathy, 
bronchospasm, arid seizures. Definitive diagnosis is 
established by demonstrating fetal squamae, mucin, 
meconium, or lanugo hairs in mixed venous blood or 
in the small vessels of the lungs at autopsy (1,4,5). 

This patient had a history of chronic hypertension 
with chest pain on moderate exertion. The ECG and 
echocardiogram demonstrated left ventricular hyper- 
trophy. This history and preoperative ECG and echo- 
cardiographic findings led us to make an empirical 
diagnosis of myocardial ischemia as the precipitating 
cause of ventricular tachycardia. Though there were 
no ECG signs of myocardial ischemia in either the 
intra- or postoperative period, myocardial ischemia 
at the time of occurrence of ventricular tachycardia 
could not be ruled out because these episodes were 
associated with a significant increase in the pulmo- 
nary artery diastolic pressure. Amniotic fluid embo- 
lism during the intraoperative period might have con- 
tributed to the chest pain, which is a rare presenting 
symptom of amniotic fluid embolism. The ventricular 
tachycardia and decreased myocardial compliance as 
evidenced by increased pulmonary artery diastolic 
pressure that occurred in this patient could have been 
from amniotic fluid embolism with or without myo- 
cardial ischemia. 

Pulmonary hypertension secondary to amniotic fluid 
embolism is associated with right ventricular failure. 
The use of intravenous nitroglycerin shortly after the 
patient’s complaint of chest pain might have pre- 
vented the occurrence of severe pulmonary hyper- 
tension and its sequelae: right ventricular failure, 
pulmonary edema, shock, and coagulopathy. A 
pulmonary artery catheter was placed in this patient 
prior to induction of epidural analgesia to treat com- 
plications that the patient might develop from sus- 
pected coronary artery disease. This monitoring de- 
vice helped us both in treating amniotic fluid embolism 
and in confirming the diagnosis. Without the pul- 
monary artery catheter in place, it would not have 
been possible to obtain a true mixed venous blood 
sample. Although right atrial blood sampling may 
show fetal cells, mucin, or lanugo hairs, mixed venous 
blood sample from a pulmonary artery catheter is more 


ar- 
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reliable in establishing a definitive diagnosis of am- 
niotic fluid embolism. 

Schaerf et al. (6) reported a similar case of amniotic 
fluid embolism in which early use of a pulmonary 
artery catheter helped in establishing the diagnosis 


-and successful hemodynamic management of the pa- 


tient. However, the pulmonary artery catheter was 
placed in that patient after the occurrence of amniotic 
fluid embolism. Though the placement of the catheter 
helped in the management of the pulmonary hyper- 
tension, early diagnosis of pulmonary hypertension 
could not be made. In our patient, presence of the 
pulmonary artery catheter helped us in the immediate 
detection of increase in the pulmonary artery diastolic 
pressure. Initiation of nitroglycerin therapy and nor- 
malization of the pulmonary artery diastolic pressure 
did not lead to immediate right or left heart failures 
as in the patient of Schaerf et al. 

In concluding this case report, we suggest that in 
suspected cases of amniotic fluid embolism, imme- 
diate placement of a pulmonary artery catheter, if not 


ANESTH ANALG 535 
1986;65:533-5 


already in place, and vasodilator therapy might pre- 
vent the catastrophic sequelae of pulmonary hyper- 
tension secondary to amniotic fluid embolism. The 
pulmonary artery catheter will also help establish a 
definitive diagnosis of amniotic fluid embolism. 
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Normeperidine Toxicity 


Peter J. Armstrong, MB, BS, FFARACS, and Andrew Bersten, MB, BS, FFARACS 


Meperidine hydrochloride is the most commonly pre- 
scribed opioid analgesic for postoperative pain in our 
hospital. Biotransformation of meperidine may lead 
to a potentially toxic metabolite, normeperidine. We 
describe two cases of apparent normeperidine toxicity 
and discuss reasons for normeperidine accumulation. 


Case 1 


A 40-yr-old woman with disseminated carcinoma of 
the colon was admitted with a subacute intestinal ob- 
struction. This was treated conservatively for 5 days 
before palliative bypass surgery was performed. She 
had been seen by the Pain Management Unit over the 
previous 4 months in an attempt to control severe 
upper abdominal pain thought to be related to doc- 
umented intraabdominal metastases. Three months 
before. admission, an implantable portal system (1) 
was inserted for the long-term epidural administra- 
tion of opioids starting with two daily doses of mor- 
phine sulphate, 10 mg, in 10 ml normal saline. This 
provided effective pain control up to the time of the 
present admission. 

The findings at laparotomy were of a large tumor 
mass occupying most of the right iliac fossa and pel- 
vis, widespread peritoneal seeding, and a tumor in- 
volving the anterior abdominal wall. The mass was 
bypassed and the bowel decompressed. Her post- 
operative epidural morphine doses were increased to 
30 mg every 6 hr, but she remained in pain. An in- 
travenous infusion of meperidine was added and its 
rate increased progressively as the pain remained re- 
fractory. Twenty-four hours postoperatively she had 
a grand mal convulsion of 5 min duration. No pro- 
dromal symptoms or signs were noted. The convul- 
sion was managed by maintenance of her airway, 
supplemental oxygen by mask, and intravenous di- 
azepam, 5 mg. She had received 2800 mg meperidine 
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by that time. A blood sample was taken 30 min after 
the grand mal convulsion from the antecubital fossa 
on the side opposite to her intravenous infusion. The 
whole blood concentrations of meperidine and nor- 
meperidine were 2.9 ug/ml and 4.3 ug/ml, respectively. 

No evidence of central nervous system malignancy 
was found; serum electrolyte, glucose, and calcium 
levels were normal, as were arterial blood gas ten- 
sions. There was no significant past history. There 
have been no further convulsions or neurologic se- 
quelae. Subsequent pain relief was provided effec- 
tively with epidural morphine. 


Case 2 


A 38-yr-old woman developed numerous problems 
following surgery for morbid obesity. After unsuc- 
cessful gastric surgery, she had a jejuno-ileal bypass 
that subsequently required revision because of met- 
abolic problems. Two weeks after this second oper- 
ation, further surgery was required to release a small 
bowel obstruction during which a gastrostomy was 
performed. For the next two weeks she received, on 
average, 1000 mg per day of meperidine by intermit- 
tent intramuscular injection. During this time she be- 
came increasingly agitated, complained of worsening 
pain, and was noted to have frequent myoclonic jerks. 
In the absence of other causes, a provisional diagnosis 
of normeperidine toxicity was made. Intramuscular 
morphine was substituted for meperidine, and sub- 
sequently normeperidine and meperidine blood con- 
centrations were measured at the times indicated (Ta- 
ble 1). Clinically she improved and went home on day 
leave 3 days after the meperidine was discontinued. 
Serum electrolyte, calcium, phosphate, and magne- 
sium levels were normal at the time of diagnosis of 
normeperidine toxicity, as were liver and renal func- 
tion tests. 


Discussion 


Meperidine, first described in 1939, is today a widely 
used opioid analgesic. Normeperidine toxicity was 
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Table 1. Data on Case 2 


Meperidine Normeperidine 
pg/ml pg/ml 
Hours after last dose 
1 0.692 1.562 
31 0.050 0.389 
124 0.021 0.077 
Elimination Tin 7.5 hr 35 hr 


Blood samples were taken from the antecubital fossae. Intravenous ther- 
apy was infused via a central catheter. 


first described in primates in 1961 (2) and subse- 
quently in humans in 1977 (3). 

Meperidine is normally eliminated by two hepatic 
metabolic routes, hydrolysis to meperidinic acid and 
N-demethylation to normeperidine (Fig. 1). Norme- 
peridine is then hydrolyzed to normeperidinic acid 
(4). Excretion of normeperidine and normeperidinic 
acid is primarily renal. The acid metabolites are phar- 
macologically inert, but normeperidine has apprecia- 
ble pharmacolagic activity. Typical values of the elim- 
ination half-lives of meperidine and normeperidine 
are 3-6 hr and 15-40 hr, respectively. Therefore, pro- 
longed administration of meperidine may lead to an 
accumulation of normeperidine, especially in the 
presence of renal impairment. 

To date, toxic effects of normeperidine in humans 
have not been studied directly by administration of 
this metabolite. However, there is circumstantial evi- 
dence in humans and direct evidence in animals that 
normeperidine may cause central nervous system ex- 
citability (5,6). Kaiko et al. (5) have described a pro- 
gression of signs of central nervous system excitation 
such as tremors, myoclonus, and grand mal convul- 
sions that correlate more with plasma normeperidine 
concentrations than with plasma meperidine concen- 
trations. In both patients reported here, whole blood 
meperidine concentrations were well within the range 
previously reported as providing significant pain re- 
lief (6). Comparatively less alternative opioid (mor- 
phine) was required subsequently for pain relief. 
Therefore it is possible that symptoms interpreted as 
pain or discomfort, e.g., tremor, restlessness, and 
myoclonus, may have been due to normeperidine tox- 
icity. Whole blood normeperidine concentrations in 
both patients were comparable to the highest con- 
centrations reported by Kaiko et al. (5). The mean 
normeperidine plasma concentration associated with 
myoclonus and grand mal convulsions reported by 
Kaiko et al. (5) was 0.81 ug/ml. We believe it is valid 
to compare whole blood meperidine and normeper- 
idine levels, as measured in this report, to other stud- 
ies measuring plasma meperidine and normeperidine 
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Figure 1. Major biotransformation pathways of meperidine in man. 
Adapted from Mather and Gourlay (6). 


because the blood/plasma ratio of meperidine is close 
to unity (7). 

If normeperidine toxicity is suspected, meperidine 
administration should be ceased. Grand mal convul- 
sions should be treated as required in each case. In 
patients with high concentrations of meperidine and 
normeperidine it is possible that meperidine may mask 
the excitatory effects of normeperidine. Naloxone does 
not reverse normeperidine toxicity (5). It may, in fact, 
exacerbate the condition by antagonizing the depres- 
sant effect of meperidine. Normal neurologic function 
may not return for some days after cessation of me- 
peridine because of the long elimination half-life of 
normeperidine. 

In conclusion, this form of central nervous system 
excitability associated with normeperidine toxicity, 
though not frequently recognised, deserves consid- 
eration in patients receiving large doses of meperi- 
dine. Normeperidine toxicity may be prevented by 
avoiding prolonged administration of meperidine, es- 
pecially to patients with impaired renal function. In 
circumstances where prolonged administration of an 
opioid agonist is anticipated, a drug without an active 
metabolite, e.g., morphine, would be a wiser choice. 
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Letters to the Editor 


Resistance to Pancuronium 


To the Editor: 


The fascinating report by Callanan (1) on profound relaxant 
resistance in an ICU patient provokes the following com- 
mentary concerning mechanism and a pseudosteady state 
situation while measuring dose response characteristics. 
Concerning mechanism: a) During the nine days she was 
confined to bed, this young woman undoubtedly developed 
some degree of total body disuse atrophy, a disorder as- 
sociated with relaxant resistance (2,3). b) Most likely, she 
developed, at least in part, a denervation-type lower motor 
neuron lesion secondary to the week-long intermittent pa- 
ralysis, although the intact motor nerves would still have 
provided tropic effects (4). This would result in receptor 
spread and relaxant resistance (3). c) Her multiple drug 
regimen included diphenylhydantoin—it, and perhaps other 
of her medications, are associated with pharmacodynamic 
alterations resulting in relaxant resistance (5), as well as 
enzyme induction and possibly more rapid clearance. 
_ Concerning dose-response characteristics: the repeated 
administration for.a week of a slowly cleared drug such as 
pancuronium probably resulted in a virtual equilibrium across 
the various tissues of the body, as opposed to the non- 
equilibrium of a single dese or brief administration. Under 
these circumstances, the pseudosteady state is associated 
with increased relaxant resistance, even though the lesion 
is identical. We noted this difference in apparent 
dose-response in dogs with equivalent degrees of immo- 
bilization disuse atrophy—2- to 3-fold relaxant resistance in 
a nonequilibrium situation (2), and 10-fold resistance in a 
pseudosteady state situation (3). Most clinical reports of 
relaxant resistance involve an acute equilibrium situation, 
and therefore have noted less marked resistance. 


Gerald A. Gronert, MD 
Department of Anesthestology 
Mayo Medical School 
Rochester, MN 55905 
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Controlled Drug Accountability 


To the Editor: 


The recent article by Moleski et al. considers a system of 
individualized anesthesia boxes for controlled substance ac- 
countability in the operating room “unacceptable” (1). The- 
oretical reasons stated in the article for this negative con- 
clusion include a “larger and expensive working inventory 
of drugs” and anesthesia personnel not wishing to be per- 
sonally responsible for large quantities of controlled drugs. 

In theory, the system may be unacceptable. In actual prat 
tice, it works very well. 

At my hospital, to improve accountability in an efficient 
and: economical manner, I have removed all controlled drugs 
from the operating room and placed them back in the phar- 
macy. Each morning, each anesthetist signs out his or her 
own “Controlled Drug Box” (containing basic narcotics, 
thiopental, and diazepam) from the pharmacy, administers 
anesthetics from it, and returns it to and reconciles it with 
the pharmacy at day’s end. No anesthetist or operating 
room personnel have access to the central supply of con- 
trolled drugs. No additional pharmacist is needed. Initial 
cost of small metal tool boxes (32 x 17 x 13 cm) and padlocks 
is minimal (about $10-15 for each unit). A larger inventory 
of drugs is not necessary, and anesthetists do not carry 

“large quantities of controlled substances.” Significant er- 
rors in controlled drug accountability have been eliminated. 

This system of individualized anesthesia boxes is simple, 
inexpensive, requires minimal equipment, and: no addi- 
tional personnel. Accountability is individualized, access is 
limited, and a quality assurance audit trail is established by 
entering patient drug utilization on the pharmacy’ s com- 
puter (as is done for all drug utilization in-the hospital). 

The objectives of any such drug control system are to 
improve accountability and decrease the incidence of drug 
abuse by limiting access to controlled drugs and establishing 
an accurate audit mechanism. The articles by Moleski et al. 
(1) and Adler et al. (2) describe systems that fulfill the ob- 
jectives, but they are systems that may be unnecessarily 
complicated and expensive. The system we use is inexpen- 
sive, simple, effective, and efficient. Detailed information 
(forms, etc.) will be provided by. the author on request. 


Edson O. Parker, MD 

Chief, Anesthesiology 
Eisenhower Army Medical Center 
Fort Gordon, GA 30905-5650 
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In Response: 


We thank Dr. Parker for his comments concerning con- 
trolled drug accountability. Certainly the location of dis- 
pensing controlled substances is important. In our oper- 
ating suite, which has a large number of anesthesiologists 
working simultaneously, the use of a satellite pharmacy is 
more cost effective. In addition, if the pharmacy is at some 
distance from the operating room, it may be difficult for 
personnel to go to the pharmacy, retrieve their drugs, and 
then return to the operating room. The availability of these 
drugs on an emergency basis may also be hampered. How- 
ever, in hospitals where the pharmacy is much closer to the 
operating room and there is not a large demand early in 
the morning, a system such as Dr. Parker suggests is ob- 
viously workable. 

We would like to reemphasize that drug dispensing is 
only one part of this controlled substance accountability 
system. We feel the more crucial parts of the system are 
the audit trail, which documents the record keeping ‘of 
administration of the drugs, and the chemical auditing of 
syringes (on a random basis) that are returned to the 
pharmacy. 


Ronald Moleski,Php 
Department of Pharmacy 
Yale New Haven Hospital 


Paul G. Barash, MD 
Department of Anesthesiology 

Yale University School of Medicine 
New Haven, CT 06510 


Failure of Aminophylline to 
Antagonize Midazolam Sedation 


To the Editor: 


I read with interest the report of the use of aminophylline 
to reverse oversedation with benzodiazepines (1). I have, 
in the last 18 months, used aminophylline on six occasions 
in attempt to awaken oversedated patients, but with a much 
lower success rate. Two patients had been receiving seda- 
tion for carotid angiography, one patient for lumbar sym- 
pathetic blockade, and three for hip surgery under spinal 
anesthesia. They were all unpremedicated except for one, 
who had received 20 mg temazepam 2 hr previously. They 
were given between 2.5 and 7.5 mg midazolam intrave- 
nously at the start of the procedure, as considered clinically 
appropriate. In addition, the patients for carotid angiog- 
raphy had received 15 mg pentazocine intravenously at the 
same time. The procedures lasted between 3 and 2 hr. The 
patients were considered oversedated if, at the end of the 
procedure, they did not respond to verbal command. All 
the patients were given 75 mg aminophylline slowly intra- 
venously and observed. (This dose was repeated in one 
case after 15 min). No change in the level of consciousness 
was noted in five of the patients, until they woke up, ap- 
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parently spontaneously, between z and 13 hr later. There 
was no other cause for their prolonged somnolence. Only 
in one patient (one of these undergoing hip surgery) was 
the dramatic awakening as reported by other authors seen 
(1,2). 

It is impossible to compare results with such small groups 
under such uncontrolled conditions. However two possible 
explanations may be considered. First, the drug used (mid- 
azolam) is different from other benzodiazepines pharma- 
cokinetically and pharmacodynamically. Second, it may be 
that there is wide individual variation within the population 
in regard to the adenosine amplification of the y-amino 
butyric acid system (2). This hypothesis is currently being 
investigated. 


J.W. Sleigh, FFARCS 
Department of Anaesthetics 

Godfrey Huggins School of Medicine 
University of Zimbabwe 

Avondale 

Harare, Zimbabwe 
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Static and Dynamic Considerations 
in Gastric Barotrauma 


To the Editor: 


Barker and Karagianes (1) may have made an improper. 
assumption as a basis for their mathematical proof for de- 
termining the cause of lesser curvature rupture in gastric 
barotrauma. The law of Laplace allows recognition of the 
relationships of the effects of pressures internal to a spher- 
ical/cylindrical elastic body or membrane and the tension 
exerted by this pressure on the membrane, P = T(I/R + 
VR’), in a static system at equilibrium. If the pressure (P) 
is positive, the radii (R) and tension (T) are also positive 
and proportional in this truly elastic membrane situation. 
By assigning negative signs to the radius when located out- 
side the pressure area with truly compliant elastic mem- 
branes, one finds that tension develops when P and R are | 
of the same sign (Fig. 1). —P and —R in Figure 1B are 
contrived, as the pressure outside of the chamber in reality 
causes the hemispherical membrane to “flop” into the 
chamber, and positive tension develops proportional to the 
positive pressure and positive radius as now viewed from 
outside the chamber (Fig. 1C). In using the above equation 
one assumes that only forces resulting from the effect of 
the internal pressure are in effect and that all portions of 
the membrane are equal in thickness and elastic character- 
istics. This results in a situation where negative pressure, 
tensions and radii do not occur singly. 


a 
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Figure 1. Relationships in effect as a result of pressures exerted 
upon an ideal elastic membrane with respect to Laplace’s law. Plus 
and minus signs denote the valence of factors P, R, and T in the 
development of wall tension. In B and C, the valences of pressure 
(P) and radius (R) are of the same sign in each case, resulting in 
positive wall tension (T), and the difference is contrived by con- 
sidering P internal or external to the box. 


Laplace’s law may be utilized to help explain gastric bar- 
otrauma though, if one recognizes the nonhomogenicity of 
the stomach wall and introduces the effects of wall thickness 
(h) into the equation for a spherical body: P = T(2h/R). The 
lesser curvature commonly exhibits large longitudinal folds 
along its length, the plicae longitudinales mucosae, allow- 
ing considerable variations in the wall thickness to occur. 
The thinner portions of the wall thus become more suscep- 
tible to the relatively increased wall tensions here. This may 
also help to explain the longitudinal lesions observed in 
gastric barotrauma. 

The matter is more fully appreciated when other dy- 
namic factors are considered. The entrance of air into the 
stomach occurs most likely in a fashion that produces os- 
cillations within the gas volume contained, as well as wave 
fronts that travel along the tissues encountered below the 
gastro-esopageal (G-E) junction. These low frequency sound 
or shock waves are commonly created by the G-E junction 
“flapping in the breeze” like vocal cords and would be 
expected to be directed primarily toward the lesser and 
inferior greater curvature tissues. This could additionally 
stress the thinner walled portions of the lesser curvature in 
a state of tension and promote tearing. Functionally the 
lesser curvature is also less involved in expanding to contain 
large ingested volumes and is perhaps at an increased lia- 
bility of incurring lesions secondary to a relatively reduced 
state of dynamic compliance, partial thickness or wholly, 
even before the end filling volume of the stomach is reached. 
Finally, a partial tear would enhance the likelihood of fur- 
ther damage through subsequent insult at this site and any 
mucosal tear would set the stage for ongoing digestive in- 
jury that may only be fully appreciated at a later time. In 
respect to autodigestion, lesser curvature tissues have long 
been noted to be a prominent focus minori resistenciae (point 
of least resistance) in gastric peptic ulcer disease. 


Paul M. Kempen, MD 
Department of Anesthesiology 
University of Michigan Hospitals 
Ann Arbor, MI 48109-0010 
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Postoperative Sagittal Sinus 
Thrombosis after Spinal Anesthesia 


To the Editor: 


In addition to the relatively frequent complications of post- 
lumbar headache, a variety of more seldom and more 
serious complications to spinal anesthesia have been de- 
scribed (1,2,3). The occurrence of intracranial sinus throm- 
bosis has not been previously reported in connection with 
spinal anesthesia. We recently encountered such a case, 
however, that of a 35-yr old man, otherwise completely 
healthy, scheduled for a hemorrhoidectomy. 

The patient had been premedicated with 25 g prometh- 
azine, 0.5 mg atropine, both intramuscularly, and 5000 IU 
heparin subcutaneously. He arrived at the operating room 


_ in a very anxious state, however; and, after venous can- 


nulation, his blood pressure decreased from 130/90 to 90/55 
mm Hg. Despite this, 80 mg of a hyperbaric 4% solution of 
mepivacaine was injected with the patient in the sitting 
position, through a 25-gauge needle in the midlumbar sub- 
arachnoic space. This was followed by a further drop in the 
blood pressure to 80/60 mm Hg. The patient was immedi- 
ately placed in the supine position, 0.5 mg dihydroergo- 
tamine was injected intravenously, and 500 ml of 6% dex- 
tran 70 were given. Within 15 min the pressure was 120/80 
mm Hg, and it remained above this value throughout the 
operation, which was performed with the patient in the 
lithotomy position under satisfactory spinal anesthesia. No 
sedative or other drugs were given intraoperatively. 

Postoperative heparin, 5000 IU subcutaneously, was 
started three times per day (routinely given for six days). 
On the first postoperative day, however, the patient com- 
plained of severe postural headache. Treatment consisted 
of intravenous hydration and analgetics. No epidural blood 
patch was attempted, and the headache persisted at least 
until the night between the fourth and fifth postoperative 
day, when the patient complained of paresthesias and de- 
creased muscular force in the left arm. Approximately 6 hr 
Jater the left arm was paralyzed, and within another 2 hr 
complete left hemiparesis was present, including a facial 
nerve palsy. The patient was transferred by helicopter to a 
specialized neurologic center. There further progession oc- 
curred in the form of focal and generalized convulsions and 
somnolence. Cranial computed tomography, EEG, and di- 
agnostic lumbar puncture yielded only nonspecific changes. 
An angiography showed complete thrombosis of the su- 
perior sagittal sinus. 

After establishment of this diagnosis, anticoagulation 
therapy was initiated with fenprokumon. Within.2 weeks 
the symptoms completely disappeared, and the patient was 
discharged with continued anticoagulation therapy for 6 
months. 

This rare complication in a young, healthy patient re- 
mains obscure. Perhaps it was a complication of the spinal 
anesthesia itself, e.g., a chemical arachnoiditis; a result of 
changes in intracranial blood flow due to the hypotension; 
or a consequence of changes in intracranial pressure that 
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also resulted in the postoperative postural headache. Or, 
the complication may not have been directly related to spinal 
anesthesia. The fact that onset of severe postural headache 
and onset of neurologic symptoms were so closely related 
suggests, however, that the two may have been related. It 
is also interesting that prophylaxis with low-dose heparin 
was ineffective in preventing thrombosis of the sagittal sinus. 


John Schou, MD 
Michael Scherb, MD 


Department of Anesthesia 
Städt. Krankenhaus 

D-7850 Lörrach 

Federal Republic of Germany 
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Difficult Removal of Epidural 
Catheters in the Sitting Position 


To the Editor: 


We recently encountered difficulty in removing epidural 
catheters from two women in whom epidural analgesia was 
established for pain relief during labor. In each case, a 16- 
gauge Tuohy needle was inserted in the third lumbar in- 
tervertebral space with the patient in the sitting position. 
The epidural space was identified by the loss of resistance 
to air. Portex epidural catheters were inserted without dif- 
ficulty in both patients. In one patient the catheter was 
directed cephalad, and in the other caudad. After removal 
of the needle, each catheter was secured with its tip 12 cm 
from the point of entry into the skin. Satisfactory analgesia 
was produced in both cases. 

After delivery in each case, attempts were made to re- 
move the catheter with the patient seated. Gentle traction 
on the catheters met with firm resistance on numerous at- 
tempts, in spite of various positional changes while in the 
sitting position. Both patients were subsequently placed on 
their sides in a modestly flexed position. The catheters were 
then removed without difficulty. The catheters were checked 
on removal and in each case found to be intact, with no 
kinks, looping, knots, or nicking. 

A search of the literature revealed several reports of dif- 
ficulty removing an epidural catheter. The vertebral arches 
(1), lumbar fascia, vertebral processes (2), ligamentum fla- 
vum (3), posterior vertebral joints (4), and the lumbar 2-3 
nerve roots (5) have all been implicated as sites where the 
catheter may be gripped on withdrawal. 

In our cases the catheters were not damaged; thus it is 
difficult to implicate any particular structure in preventing 
withdrawal of the catheters in the sitting position. The cath- 
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eters may have been held by planes of ligaments and/or 
soft tissues that were altered when the patients’ positions 
were changed. 

The above cases suggest that if removal of epidural cath- 
eters in the sitting position is difficult, the patient should 
be placed in the lateral flexed position. 


Patrick Rice, MB 


C.T. Ethans, MD 
Department of Anesthesia 
University of Manitoba 
Health Sciences Centre 
Winnipeg, Manitoba 
Canada R3E 0W3 
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Transillumination of the Trachea 
with a Lighted Stylet 


To the Editor: 


We have used the Flexilum'™ surgical light (Concept Cor- 
poration, Clearwater, FL) as a lighted stylet for a number 
of years in instances in which tracheal intubation is difficult 
using more conventional approaches. Based on our expe- 
rience, we would like to expand on the recent letter of Dr. 
Hammer (1), because we feel that guided intubation is a 
technique that every medical practitioner and paramedic 
should learn as an alternative to traditional methods. It must 
be practiced in simple cases before attempting it in more 
difficult patients. 

A reported problem with the Flexilum™ light (2), and 
one that we have personally encountered, is the separation 
of the bulb from the wire stylet. This is especially prone to 
happen if the stylet is reused over 30 times, as it may be 
(3). However, this problem now has been overcome after 
the manufacturers redesigned the device to incorporate a 
stronger light and to encase the bulb and wire in a plastic 
coating (Tube-Stat™, Concept Corporation, Clearwater, FL). 

Three further points deserve mention. First, transillu- 
mination is, of course, much more effective when the room 
lights are turned down. Second, the angle of the bent stylet 
is crucial, being slightly greater than 90° if the head and 
neck are kept neutral; intubation appears easier if the head 
is maximally extended and the neck flexed by elevating the 
occiput on a pillow in the traditional “sniffing” position. 
Third, one of us (RTW) intubates 90% of his patients with 
this “guided” method or what is better described as an 
“indirect visual” intubation with the aid of the Airway In- 
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tubator (4). This device prevents lateral movement of the 
tube and resists the tendency for the tube to go posteriorly 
into the esophagus. We recommend these techniques for 
operating room, field, and emergency department intu- 
bations. 


R. Tudor Williams, MD 

Department of Anesthesiology 

University of Calgary School of Medicine 
Calgary, Alberta Canada T2N 4A9 


Ronald D. Stewart, MD 

Department of Anesthesiology 

University of Pittsburgh School of Medicine 
Pittsburgh, PA 15213 
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In Vitro Degradation of Atracurium 


To the Editor: 


Atracurium, a nondepolarizing relaxant of intermediate du- 
ration, has the potential for spontaneous degradation by 
Hofmann elimination while also undergoing metabolism by 
plasma esterases. The relative role of each pathway in the 
in vitro degradation of atracurium in human plasma has 
recently been examined by Nigrovic et al. (1) and by us (2). 
Diametrically opposite conclusions were reached. Nigrovic 
et al. concluded that Hofmann elimination is the major route 
of atracurium degradation in humans; we concluded that 
ester hydrolysis is the major route of atracurium degrada- 
tion (2). Although both groups of investigators approached 
this issue in a somewhat similar way, differences in meth- 
ods and selection of enzyme inhibitors may explain the 
opposite conclusicns. 

We (3) and others (4) noted that the degradation of atra- 
curium was several-fold faster in plasma than in buffer (at 
the same temperature and pH). Dilution of plasma with 
buffer slows the rate of degradation of atracurium. These 
findings suggest that a plasma constituent facilitates the 
degradation of atracurium. In subsequent experiments (2), 
we noted that degradation of atracurium and its monoqua- 
ternary alcohol metabolite and the subsequent formation of 
laudanosine were several-fold faster in pooled plasma than 
in buffer. More important, addition to plasma of diisopro- 
pylflurophosphate (DIFP) (3.0 zmol/ml) or tetraisopropyl- 
pyrophosphoramide, which are potent but nonspecific es- 
terase inhibitors, markedly retarded the degradation of 
atracurium and formation of laudanosine to values seen 
with buffer alone. From the data obtained, we were able to 
estimate that about § of atracurium is degraded by ester 
hydrolysis and 4 by Hofmann elimination. Laudanosine is 
the major endproduct of both pathways. 
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More recently, in an attempt to characterize the esterases 
involved in atracurium metabolism, we evaluated the ability 
of acetylcholinesterase (EC 3.1.1.7), butyricholinesterase (EC 
3.1.1.8), and carboxylic esterhydrolase (EC 3.1.1.1) in vitro 
to metabolize atracurium. These unpublished findings 
demonstrate that none of these esterases facilitates the 
degradation of atracurium. Nigrovic et al. (1) used tri- 
orthotolylphosphate (TOTP) to inhibit esterases, specifically 
carboxyesterase. If TOTP is a specific inhibitor of carboxy- 
esterases, and if carboxyesterases do not metabolize atra- 
curium, their in vitro findings in human plasma are not 
surprising. Thus the difference between their findings and 
ours may be related to the specificity or nonspecificity of 
the esterase inhibitors chosen. Recently, Ward et al. (5) 
demonstrated that significant plasma concentrations of both 
Jaudanosine and the monoquarternary alcohol occur within 
minutes after a bolus of atracurium to patients; minimal 
concentrations of the monoquarternary acrylate were noted. 
The monoquaternary alcohol is an immediate product of 
the ester hydrolysis pathway for atracurium—the major route 
of atracurium degradation. 


D. Ryan Cook, MD 
Richard Stiller, PhD 


Michael Ingram, MD 

Departments of Anesthesiology, Pharmacology, and Psychiatry 
University of Pittsburgh School of Medicine 

Pittsburgh, PA 15261 
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Psychomotor Tasks and Recovery 
from Anesthesia 


To the Editor: 


In a recent article, Denis et al. (1) evaluated the reliability 
and validity of three psychomotor tasks as measures of 
recovery from anesthesia. The validity of the findings has 
since been questioned (2); I question their reliability. 
Denis et al. examined psychomotor performance in an 
experimental group and in an unanesthetized control group 
over four test sessions (one session prior to anesthesia and 
three sessions after recovery from anesthesia). Their crite- 
rion for task reliability was that of invariant control-group 
performance over the four sessions, the implicit assumption 
being that performance that remains stable over time is free 
from training effects that would otherwise interact with, 
and obscure, anesthetic side effects. The authors concluded 
that only the “Track Tracer” ‘task was reliable by this criterion. 
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However, readers should know that invariant perform- 
ance is not a reliable indicator of the absence of training 
effects. In an ingenious study, File and Lister (3) have shown 
that, even where control performance of a task is invariant 
over time, the adverse effect of a drug (lorazepam) can still 
vary in inverse proportion to the amount of prior training. 
In other words, a drug may interact with a masked training 
effect, undetected by control performance, to give a mis- 
leading overestimation of the adverse influence of the drug 
(4). The study of File and Lister then raises the issue of 
what constitutes a training effect and uncertainty as to 
whether a pure een measure is obtained on any 
task. 

Consequently, one cannot unequivocally accept the con- 
cision of Denis et al. that their method of evaluation is 
indeed “reliable.” The profile of their result is so similar to 
that of File and Lister that the markedly impaired perform- 
ance of their experimental group in the session immediately 
after recovery from anesthesia could convincingly be as- 
cribed to an interaction between the anesthetic and the rel- 
atively untrained state of performance (patients had expe- 
rienced only one previous training session). Perfarmance 
of a well-learned task may: not have shown such gross im- 
pairment. Whither then the establishment of further criteria 
to assess “street fitness” (2)? 

In coriclusion, one should emphasize that although per- 
formance tests in humans offer'the opportunity to make 
objective and sensitive measurements of the cognitive side 
effects of anesthesia, many extraneous factors unrelated to 
the immediate clinical conditions may also affect perform- 
ance. Herbert (5) discusses such factors with specific ref- 
erence to the application of human performance tasks to 
anesthesia, and readers are strongly referred to that paper. 


Keith Millar, php 

Behavioural Sciences Group 

University of Glasgow Faculty of Medicine 
Glasgow G12 8QQ ` 

Scotland — 
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Anesth 


In Response: 


The comments made by Millar refer to the definition of the 
reliability of a test, and he cites the results of File and Lister 
as a basis for his argument. File and Lister compared a group 
of subjects receiving first a placebo and then lorazepam with 
a group of subjects receiving lorazepam after ‘baseline mea- 
surements. They concluded that “there are good correla- 
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tions in the placebo treated subjects in all of the tests used, 
demonstrating the reliability of the various measures em- 
ployed.” Results would have been less ambiguous if they 
had demonstrated before the experiment the reliability of 
the tests they used with subjects who did not receive a 
placebo, because those subjects may show a placebo effect. 
Moreover, the sample from which they calculated the cor- 
relations between the tests was small (n = 9), and there 
was no apparent correction for ties when calculating P. 

Millar uses the ambiguity that exists in the experiment 
of File and Lister as a basis for a “new” definition of the 
reliability of a test and hence the possible lack of reliability 
of the Track Tracer. This new definition of the reliability of 
a test may perhaps be useful when a placebo effect interacts 
with a training effect, but it should: not be generalized. 
Millar seems to confound the interaction between a possible 
placebo effect and a training effect with the reliability of a 
test. 

Millar also cites Herbert, who wisely suggested that 
“Poulton’s preferred solution i is to use the alternative, be- 
tween-groups design. This strategy calls for one group of 
subjects to undergo the experimental condition while a sec- 
ond group provides control data. Both groups, of course, 
should be equated on all variables relevant to the experi- 
ment.” Herbert enumerates these variables as being age, 
sex, and duration of induced unconsciousness. These vari- 
ables have been controlled in our experiment. This course 
of action has been followed in our experiment in which two 
groups have been used. A control group has been measured 
in order to evaluate the reliability of the tests or the ability 
of the tests to give the same score for a subject on repeated 
testing. An experimental group has been measured to eval- 
uate the validity of the tests or the degree to which the tests 
served the purpose for which they were intended. 

Millar cannot refer to a “masked training effect” in our 
experimental group when subjects of our control group did 
not demonstrate a training effect. The interaction between 
a possible placebo effect and a training effect cannot be 
advocated when there is no placebo effect (subjects be- 
longing to our control group received no placebo) nor train- 
ing effect (the performance of the subjects belonging to our 
control group did not improve over four trials). 

Millar should conduct specific experiments to demon- 
strate his hypothesis. The definition of the reliability of a 
test is discussed in many textbooks, usually in unambigu- 
ous terms (1). 


R. Denis, MD 


J. Letourneau, PhD 
University of Montreal 
Montreal, Quebec Canada 


D. Londorf, MD 
Grady Memorial Hospital 


Atlanta GA 30329 
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Are the Requirements for Hepatic 
Injury with Halothane and Enflurane 
in Rats Really Different? 


To the Editor: 


The exciting piece of work presented in a recent issue of 
Anesthesia and Analgesia (1) is devoted to a problem that has 
been occupying the minds of anesthesiologists during the 
last few years, i.e., whether halothane-induced hepatic in- 
jury in barbiturate pretreated hypoxic rats is due to reduc- 
tive metabolites of halothane or to hepatic oxygen depri- 
vation created by experimental conditions and respiratory 
and circulatory depression. The authors suggest that the 
pathogenesis of liver injurv from halothane and enflurane 
is different; namely, pure hypoxic mechanisms for enflu- 
rane and reductive metabolism for halothane. If we accept 
the suggested interpretation, it would seem very difficult 
to answer an important question: why was halothane anes- 
thesia not accompanied at the beginning by similar degrees 
of “hypoxic” liver damage as enflurane anesthesia? Halo- 
thane jeopardizes hepatic oxygen supply to a similar (2,3) 
or even greater (4,5) extent than enflurane. Therefore; if 
enflurane leads to liver damage by hypoxic mechanisms, 
halothane must lead to at least similar damage and there- 
after, on the top of ischemic damage, halothane should have 
produced additional injury resulting from reductive metab- 
olites. However, events were different. An alternative ex- 
planation to the data cari be offered. 

According to the experimental design, animals were ex- 
posed to different degrees of hypoxia (Fio, 0.14 for halo- 
thane and 0.10 for enflurane) and had different body tem- 
peratures (24-26° C for halothane arid 31-32° C for eriflurane) 
(Tables 4, 5). Animals anesthetized with enflurane were 
exposed to more severe hypoxia and had a greater oxygen 
requirement (resulting in a much lower oxygen sup- 
ply-demand ratio) than animals exposed to halothane. 
Therefore it is not surprising that liver damage developed 
earlier and more severely in enflurane compared with halo- 
thane anaesthetized rats. | 

Table 5 shows that rats pretreated with phenobarbital 
(induced) demonstrated more severe liver damage than in- 
tact (nonindiced) rats. The serum level of SGPT was greater 
in induced than in noninduced rats after 24, hr of exposure 
to halothane. These values were compared with serum SGPT 
observed immediately after exposure to enflurane. Why are 
the enflurane data at 24 hr not presented? What was the 
mortality rate in enflurane animals? A high mortality rate 
in enflurane treated animals would confirm that the en- 
flurane treated rats were exposed to more severe hypoxia 
and therefore died earlier than halothane anesthetized 
animals. 

The difference in serum SGPT values between enzyme- 
induced animals and noninduced rats reached statistical 
significarice in halothane anesthetized animals but not in 
enflurane anesthetized or severely hypoxic rats (Table 5). 
Absence of significance does not mean significance of ab- 
sence; besides, there were only four animals in the non- 
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induced enflurane group. With a larger number of obser- 
vations, the authors might also find a statistically significant 
difference in the enflurane group. Finally, there is a pos- 
sibility that widespread metabolic effects of phenobarbital 
on the liver may include induction of SGPT. An artifact 
would result from comparing serum SGPT as a measure of 
hepatotoxicity in groups of animals having different en- 
dogenous liver SGPT activity. 

Table 6 shows that halotharie-exposed animals had sim- 
ilar serum SGPT activities, regardless of body temperature, 
whereas animals exposed to enflurane had greater serum 
SGPT activity when they were externally heated compared 
with hypothermic rats. These data do not prove that the 
mechanisms of liver damage during halothane and enflu- 
rane are different. The difference may be due to the pos- 
sibility that the change iri oxygen demand (induced by the 
difference in body temperature) was insufficient to change 


. the hepatic oxygen supply-demand ratio to a degree re- 


quired to cause liver damage in the halothane (moderately 
hypoxic) group, and was sufficient in the enflurane group, 
which had a much lower oxygen supply. 

If the hepatic oxygen supply (including Fio, values) and 
other conditions (e.g., body temperature) were identical in 
both halothane and enflurane groups, the difference in pat- 
terns of hepatic injury could have been attributed to the 
difference in anesthetics per se, possibly their metabolism. 
In conclusion, the difference in the observed patters of he- 
patic injury after Halothane and enflurane may also be at- 
tributed to different degrees of hepatic oxygen deprivation, 
without involvement of the reductive metabolism of halo- 
thane. The mystery of whether anesthesia-induced hepatic 
injury in the model is purely hypoxic, or a metabolically 
mediated event, remains to be solved. 


Simon Gelman, MD, PhD 
Department of Anesthesiology 
University of Alabama at Birmingham 
Birmingham, AL 35294 
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In Response: 


The purpose of our work (1) was to compare what appear 
to be two very different rat models of anesthetic related 
hepatotoxicity: the halothane-hypoxia model, which was 
originally introduced by our laboratory (2,3,4), and the re- 
cent model of Shingu, et al. (5,6). In the Shingu model, ail 
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anesthetics have been proposed to be hepatotoxic via hy- 
poxic/anoxic mechanisms. Without a complete comparison 
between the two models (7), these authors suggested that 
the halothane-hypoxia rat model also produced hepatic ne- 
crosis as a result of hypoxia/anoxia. Characterizing the Shingu 
model and comparing it with our halothane model was the 
difficult task of our current publication (1). Due to the nu- 
merous comparisons required and the complexity of the 
data, some confusion over the results is not surprising. We 
will attempt to address Dr. Gelman’s questions in the order 
in which they appear in his letter. | 

Dr, Gelman asks why halothane anesthesia was not ac- 
companied by similar degrees of “hypoxic” liver damage 
as enflurane anesthesia. The reason is due to the differences 
in the exposure conditions under which the anesthetics were 
administered. As Dr. Gelman states, the enflurane exposure 
(under the conditions of the Shingu model) was carried out 
under lower oxygen tensions (10% O, versus 14% O; for 
our halothane model), and the animals were heated to 
maintain near normothermia (whereas the halothane ex- 
posed animals were not). Because differing exposure con- 
ditions were used, a comparison of which anesthetic more 
greatly jeopardizes liver blood flow is not valid. The less 
stressful conditions of the halothane~14% O, exposure did 
not produce the hallmarks of “hypoxic/anoxic” liver dam- 
age: watery vacuolization of centrilobular hepatocytes and 
elevated serum enzymes immediately after exposure (8,9). 
Nonetheless, hepatic necrosis develops gradually over the 
next 12-24 hr in the halothane-14% O, model. 

The purpose of Table 5 was not to demonstrate that 
phenobarbital induction of hepatic drug metabolizing en- 
zymes leads to more severe liver damage than in nonin- 
duced rats, but rather that enzyme induction was required 
for the production of any hepatic necrosis in halothane- 
exposed animals, while not being necessary to produce the 
hypoxic/anoxic liver injury observed in the Shingu model. 
Enflurane data at 24 hr are not shown because we chose 
time points most indicative of the type of hepatotoxicity 
produced in the particular model being studied. 

In our hands, the mortality during exposure of the an- 
imals subjected to enflurane under the conditions of the 
Shingu model averaged approximately 25%. The chance of 
a death occurring during a halothane~-14% O, exposure is 
much less (approximately 10% or less). This is further tes- 
tament to the severity of exposure conditions in order for 
the Shingu model to produce hepatic injury. Of all animals 
that did survive the anesthesia periods, none died sooner 
than when the investigators saw fit to kill them. 

In further questioning the data in Table 5, Dr. Gelman 
also raises a point as to the statistical significance of the 
enflurane data. Whether any differences could be found in 
SGPT values between phenobarbital pretreated and non- 
pretreated rats after the enflurane exposures is totally in- 
cidental. The purpose of the data was to provide a qualitative 
comparison of the two models. We agree that having only 
four animals in an experimental group does not provide 
good statistical significance. Statistical analysis was pro- 
vided at the request of reviewers of the work. Although Dr. 
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Gelman speculates that phenobarbital pretreatment may in- 
duce hepatic GPT levels, he provides no references to sup- 
port this contention. Nor are we aware of any. 

Also questioned are the results in Table 6, which pertain 
to the requirement of maintaining body temperature during 
anesthetic exposure for the subsequent development of 
hepatotoxicity in the two models. Halothane-anesthetized 
animals developed a similar degree of hepatic injury whether 
or not normal body temperature was maintained during the 
exposure period. External heating (maintenance of body 
temperature) was required for the development of hepa- 
totoxicity in the Shingu model. The halothane—14% O, ex- 
posed animals did not develop hypoxic liver injury, as serum 
enzymes and morphology were normal immediately after 
exposure. On the other hand, exposure of rats to enflurane 
under the conditions of Shingu et al. (5,6) did. 

In response to the speculation over using similar expo- 
sure conditions for the two anesthetics, previously pub- 
lished work (10) has shown that when enflurane is admin- 
istered under conditions identical to the halothane—14% O, 
model, no hepatotoxicity develops. 

In our minds, differences between two animal models 
in pretreatment requirements and exposure conditions nec- 
essary to produce a hepatic lesion, and the time course of 
development of the resulting lesion, are indicative of dif- 
fering mechanisms of anesthetic-induced liver injury. Be- 
cause the hallmarks of “hypoxic/anoxic” liver injury are not 
present in the halothane-hypoxia rat model, it would seem 
that other mechanisms must be at work. 

In closing, it seems appropriate to put these debates over 
the mechanisms of anesthetic-related hepatotoxicity in rats 
in perspective. The extensive pretreatments and harsh ex- 
posure conditions required to produce a hepatic lesion (in 
males only), as well as the mildness and short duration of 
that lesion, are quite dissimilar from even the mild, acute 
hepatic dysfunction resulting in humans after halothane 
anesthesia (11,12). Recently, another animal model of halo- 
thane-associated hepatotoxicity utilizing guinea pigs has been 
presented (13,14). No pretreatments are required. Hepatic 
necrosis results even after exposures at high oxygen ten- 
sions. Both sexes are susceptible. The lesion develops over 
48 hr and involves an extensive fatty infiltration of hepa- 
tocytes, as well as a frank necrosis of centrilobular hepa- 
tocytes. The necrosis requires 7 days or more to resolve. 
Certairily, regardless of mechanisms, this guinea pig model 
should provide a more realistic tool in investigating the 
anesthetic related hepatic dysfunction observed in humans. 


Richard C. Lind, ms 

A. Jay Gandolfi, PhD 

Burnell R. Brown Jr, MD, PhD 
Department of Anesthesiology 

University of Arizona Health Sciences Center 
College of Medicine 

Tucson, AZ 85724 
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Book Reviews 


Textbook of Pain 
Patrick D. Wall and Ronald Melzack, eds. Edinburgh: 
Churchill Livingstone, 1984, 866 pp, $105.00. 


The first major texts on this subject were published in the 
1950s: The Management of Pain, by J. Bonica (1953); Pain, Its 
Mechanism and Control, by J. White and W. Sweet (1955); 
and Pain, by W. Noordenbos (1959). The subject of pain 
received a major stimulus with the publication of the Mel- 
zack and Wall’s Gate Theory of Pain in 1965 and with the 
founding of the International Association for the Study of 
Pain (ASP) in 1974. A veritable explosion of new knowledge 
of pain and its treatment followed these events. Much pre- 
vious knowledge was proved incorrect, treatments were 
disguarded, and indeed a whole new concept of pain 
emerged. 

In the introductory chapter of Textbook of Pain, Patrick 
Wall notes the changing attitude to pain: from “Pain is that 
sensory experience evoked by stimuli that injure” (Mount- 
castle 1968), to “Pain is an unpleasant sensory and emo- 
tional experience associated with actual or potential tissue 
damage, or described in terms of such damage” (IASP 1979). 
This definition indicates the need for evaluation and treat- 
ment of both physical and psychologic aspects of pain. Thus 
it comes as no surprise that Textbook of Pain aims to bring 
together a large body of information from both basic and 
clinical sciences and from many medical specialties. In this 
respect the book differs from a number that have been pub- 
lished in recent years, which emphasize particular aspects 
of pain. Bias from any one specialty is studiously avoided. 
Contemporary medicine is presented alongside some sur- 
viving but questionable approaches based on outdated na- 
ive concepts. “The intention of this book has been to present 
all of the major attitudes to pain and its treatment.” A 
formidable task! However, in the opinion of this reviewer, 
no prior text has achieved this task with anywhere near the 
success of Textbook of Pain. 

A textbook is “a standard source of reference, and a 
systematic representation of the principles and vocabu- 
lary.” Textbook of Pain meets this definition well. It contains 
866 pages with 79 chapters plus a prologue (by W. Noor- 
denbos), an introduction, and final summary (by P. Wall). 
The text is divided into three parts: Basic Aspects, Clinical 
Aspects of Diseases in which Pain Predominates, and Ther- 
apeutic Aspects. The 102 contributors make up a virtual 
“Who's Who” of basic scientists and clinicians in the field 
of pain. 
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Wall and Melzack have made major contributions to basic 
science aspects of pain that have had very important clinical 
implications. This has given them excellent perspective, which 
is evident in their choice of contributors to Section 1. To 
help formulate and edit the two clinical sections, the editors 
have drawn upon Clinical Consultants: J. Bonica (Anesthe-. 
siology), H. Merskey (Psychiatry), P. Nathan (Neurology), 
J. O’Brien (Orthopedics), W. Sweet (Neurosurgery), and C. 
Wynn Parry (Rehabilitation). Each of these contributors also 
contributes chapters about fields in which they are all ac- 
knowledged authorities. 

Most of the chapters in this text are good, the only lim- 
itation being one of length and depth of coverage. This is 
inevitable with the number of topics covered. Fortunately, 
the caliber of most authors is such that they are able to give 
an authoritative “distillation” of the current state of the art 
in their field. Adequate key references are then given, with 
emphasis on reviews and useful monographs. The intro- 
ductory chapter by Wall gives a masterly overview of cur- 
rent concepts of pain, introducing chapters that follow. In 
Section 2 (Clinical Aspects), headings include “Peripheral 
Damage,” “Deep and Visceral Pain,” “Nerve and Root 
Damage,” “Carcinoma” (including “Hospice Care”), ‘“Cen- 
tral Pain,” and “Pain and Psychological Medicine.” In Sec- 
tion 3 (Therapeutic Aspects), a wide perspective is taken 
with the objective of encouraging the pain therapist to con- 
sider the many options now available. Headings include: 
“Pharmacology,” “Local Blockade,” “Lesions,” “Stimula- 
tion,” “Physical Therapy,” ““Radio- and Chemo- therapy,” 
and “Psychotherapy.” Details of how-to are not the aim of | 
most chapters, so appropriate references are provided. 

Among this feast of valuable information one could ex- 
pect to find at least some weak areas. The text implies by 
its title that it is concerned with all pain, including acute 
pain. Indeed, several chapters deal with this topic to some 
degree. However, the pathophysiology, sequelae, and 
treatment of acute pain receive much less emphasis than is 
accorded to chronic pain. In this reviewer's opinion, this is 
not a major criticism because there are several good texts 
on acute pain but few, if any, balanced texts on chronic 
pain. 

In his prologue, Noordenbos notes that “anesthetists, 
who by virtue of their skill in combating the acute predict- 
able pain as a result of surgery, consider themselves fit to 
face that formidable foe which is chronic pain.” However, 
in the summary Wall says that “the reader will sense that 
there is a great expansion of effort, knowledge and hope 
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. some disciplines such as Anesthesiology are in a rapid 
evolution.” This book contains much information to help 
anesthesiology contribute to knowledge and treatment of 
pain.. Hopefully it will help anesthesiology, or any other 
speciality, to avoid earning Wall’s timely comment that “every 
society contains its myopic mechanics and plumbers who 
usefully tinker with their favourite bit of machinery, unable 
to detect the whole beyond the part.” Wall and Melzack’s 
Textbook of Pain gives the reader a view of the whole. It 
should be in every medical library. No basic scientist or 
clinician involved in the field of pain can afford to be un- 
familiar with the broad scope of material presented in this 
text. 


Michael J. Cousins 

Professor and Chairman 

Department of Anaesthesia and Intensive Care 
Flinders Medical Centre 

Adelaide, Australia 


The Pregnant Surgical Patient 
Jeffrey M. Baden and Jay B. Brodsky, eds. Mt. Kisco, NY: 
Futura Publishing Co., 1935, 260 pp, $36.00 


When anesthesia and surgery become necessary during 
pregnancy, extraordinary risks for the mother and concep- 
tus are presented. The emergent nature of most surgical 
procedures in pregnancy, coupled with sparse and rela- 
tively inaccessible data on early gestational effects of anes- 
thesia and surgery in the human, often impedes the for- 
mulation of a preferred plan of management of the patient 
care team. Thus anesthesiologists, surgeons, and obstetri- 
cians alike should welcome the addition of a comprehensive 
text on the subject. 

In the introduction to The Pregnant Surgical Patient, the 
editors point out that this volume intends to “bridge the 
gap between specialties by providing the reader with an 
overall perspective of the pregnant surgical patient.” In this 
respect, they have accomplished their mission. The book 
reviews much information presently available and pertinent 
to the anesthesiologist while including chapters of interest 
for the obstetrician and surgeon. However, in attempting 
to cover the multidisciplinary approach to patient care, the 
text will likely disappoint the anesthesiologist or anesthetist 
who anticipates an in-depth treatise on the subject. For 
example, the bock minimally addresses preoperative man- 
agement by the anesthesiologist and makes few specific 
recommendations about the conduct of general anesthesia, 
peripheral nerve blocks, or various monitoring methods. 
Little is written about possible postoperative methods for 
alleviation of pain. These omissions may result in part from 
space limitations imposed by the relatively small size of the 
book, whose pages measure 14.5 x 22.5 cm. 

Authored primarily by faculty members at Stanford Uni- 
versity, ten chapters emphasize three areas of concern: 1) 
principles of teratology and teratogenic effects of anesthetic 
agents; 2) physiclogy of pregnancy and possible effects of 
anesthetics on maternal physiology; and 3) practical aspects 
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in the diagnosis, incidence, and clinical management of 
surgical conditions in pregnancy. Most chapters are inform- 
ative, concise, and abundantly ‘referenced, and are pre- 
sented in a reasonably pleasant style. Yet several chapters 
tend to befuddle the reader by inclusion of excessive sta- 
tistical data within the text. Additional tables or figures 
seem indicated. Some repetition among chapters, mis- 
spelled words, and typographical errors also tend to di- 
minish the quality of the book. 

Of marginal value to the anesthesiologist, and probably 
of greater interest to the surgeon, is chapter 5, “Physiologic 
Effects of Drugs used in Anesthesia.” The discussion on | 
placental blood flow and fetal physiology seems rather brief 
considering the recent appearance of exciting studies in this 
area. The pharmacologic profile of individual anesthetic drugs 
contains basic information already known by most anes- 
thesiology residents. Several discussions on vasopressors 
and uterine blood flow exclude recent studies on more com- 
monly used drugs such as dopamine and dobutamine. This 
reviewer found Chapter 7, “Surgical Resolution of Non- 
Obstetric Abdominal Crises,” to be particularly delightful 
and original. The next chapter, “The Pregnant Surgical Pa- 
tient,” contains a lengthy discussion on surgical endocri- 
nology and cancer during pregnancy but overlooks preg- 
nancies complicated by neurologic, orthopedic, and cardiac 
procedures. Several chapters contain material that appears 
to be out of context or, at least, at variance with the objec- 
tives of the manuscript. 

In the final chapter, the author presents information on 
fetal outcome after anesthesia and surgery. The discussion 
utilizes data from relatively old, retrospective studies and 
concludes that there is no definitive evidence that any an- 
esthetic drug or technique is safer as long as maternal blood 
pressure, ventilation, and oxygenation are kept within nor- 
mal limits, suggesting that the-choice of anesthesia matters 
little when the anesthesia team avoids hypoxia and hypo- 
tension. This notion will not be accepted by marty anes- 
thesiologists who must rely heavily on experience and in- 
tuition when developing a sound management plan. This 
book would have concluded more effectively had the author 
used his experience to provide specific anesthetic recom- 
mendations. As it stands, however, the closing chapter leaves 
the reader somewhat confused and perplexed. 

In summary, The Pregnant Surgical Patient successfully 
fosters a multidisciplinary approach to patient care. Due to 
its incompleteness and the omission of important subject 
matter, the book fails to serve as a valuable reference source. 
It appears best suited for the practitioner with limited ex- 
perience in the management of obstetric patients or surgery 
during pregnancy and, for substantial benefit, must be read 
in its entirety. 

A. Scott Wheeler, Mp 
Associate Professor of Anesthesiology 
Department of Anesthesiology 


University of Alabama at Birmingham 
Birmingham, AL 35234 
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Atlas of Regional Anesthesia 
Jordan Katz, MD. Norwalk, CT: Appleton-Century-Crofts, 
1985, 203 pp, $75.00. 


The administration of safe and effective regional anesthesia 
requires an intimate knowledge of the anatomy and neu- 
roanatomy of the areas to be blocked and of the sites of 
needle insertion. The Atlas of Regional Anesthesia will provide 
the resident with an excellent reference from which to plan 
ae nerve block: procedures, and the experienced practi- 
-tioner will refresh his or her memory of the anatomy and 
= techniques of blocks which are infrequently done. This vol- 
ume is an atlas and instructional manual of regional anes- 
«thetic procedures and succeeds i in presenting the techniques 
“in as simple and straightforward a manner as possible,” 
‘as mentioned in the Introduction: Dr. Katz addresses sorne 
of the important aspects of clinical management of regional 
. bløcks in a few brief paragraphs entitled “Indications for 
Nerve Blocks, Preparation of the Patient, Local Anesthetics, 
' Neurolytics, and Aids to Nerve Blockade.” These important 
subjects are succinctly addressed in just over two pages, 
".. implying to the reader that the subjects will not be empha- 
sized unless specific procedures carry unique hazards. 
. All of the commonly used regional block procedures and 
most of those less frequently used are included in the 94 
techniques presented. The anatomy and technique for each 
block are presénted on a single page with the procedure 
illustrated on the opposite, facing page. The reader is not 
` forced to hunt through text to locate the illustration to ma tch 
the description, as in most textbooks of regional anesthesia. 
. This format is uniform throughout the book, even though 
many of the brief descriptive paragraphs leave at least half 
of the page empty. A list of the risks or complications pe- 
culiar to each block might have been added to these half- 
blank pages. The descriptions of anatomy and technique 
are uniformly succinct and accurate with rare errors. As an 
example, the femoral nerve is described as originating from 
“the. posterior divisions of the second, third and fourth 
'. .Jumbar segments,” rather than the dorsal divisions of the 
. anterior rami of these nerves. The descriptions of the bra- 
- chial plexus and of spinal arid epidural anatomy are espe- 
cially. well-written in the direct, lucid style that distinguishes 
. the book. — 
`. The lengths of rieedles and almost all measurements of 
anatornical landmarks are described in inches rather than 
in metric notations. This is an unfortunate departure from 
the current standard in medical literature, which may cause 
inconvenience to anesthesiologists who learned the metric 
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system as their national standard and to those of us who 
have converted to it. 

The illustrations are eund in their clarity and ac- 
curacy, matching the excellence of the text in demonstrating 
the regional block procedures. John W. Brown reveals him- 
self to be a supurb medical illustrator and an artist of un- 
ušual talent. Inaccuracies are very rare, although the po- 
sitions of patients’ heads and necks aye incorrectly depicted 
turned to the side, rather than in the neutral position, for 
blocks of the glossopharyngeal and vagus nerves and the 
superior laryngeal nerve. 

The atlas is a handsome hard-cover volume, 21.5 x 28.2 
cm (8% x 11 inches), with excellent-quality glossy paper. 
The elegance.of the volume intimidated me ,to curtail my 
usual notemaking in the margins or in the generous spaces 
below descriptions, in order to avoid spoiling the fine fea- 
tures of the book. The cost of this text is not surprising, 
given the plethora of colored illustrations and the quality 
of the printing and binding. 

The excellence of the text arid illustrations and the con- 
venience of having each procedure’s description immedi- 
ately opposite the drawings will appeal to most anesthe- 
siologists. It is a volume that should be included in all hospital 
and departrnental libraries, as well as those of anesthesiol- 
ogists who frequently employ block anesthesia, where it 
will be a valuable adjunct to the texts and handbooks de- 
voted to regional anesthesia. 


James C. Erickson H, MD 
Professor of Clinical Anesthesia 
Northwestern University Medical School 
Chicago, IL 60611 


Books Received 


Receipt of the following books from their publishers i is ee with 
thanks. Selected books from this list will be reviewed in the future. 


Advances in ‘Anesthesia, Volume 3. R.K. Stoelting, P.G. Barash, T.J. Gal- 
lagher, eds. Chicago: Yearbook Medical Publisher, 1986, 403 pp, $55.95. 
Anaesthesia—Innovations in Management. R. Droh, W. Erdman, R. Springte, 
eds. New York: Springer Verlag, 1985, 236 pp, $31.50. 

Anesthesia for Ambulatory Surgery. B.V. Wetchler, ed. Philadelphia: Lip- 
pincott, 1985, 476 pp, $55.00. 

Anesthesia in the Elderly. H.T. Davenport. London: W. Heinemann Medical 
Books, Ltd., 1985, 200 pp, $16.00. 


Introduction to Anesthesia: Principles of Safe Practice. R.D. Dripps, J.E. 
Eckenhoff, L.D. Vandam. Philadelphia: W.B. Saunders, 1982, 496 pp, $24.50. 


A Practice of Anesthesia for Infants and Children. J.F. Ryan, I.D. Todres, 
C.J. Cote, N. Goudson-Zian. Orlando, FL: Grune & Stratton, 1985, 314 pp, 
$67.50. 
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prolonged surgical procedures. The first maintenance dose 
will generally be required 20-to 45 minutes after tha, initial 
Tracrtum infécliod ‘bat the need fór maintenance doses sfiould be determined byofinical 
criteria, Maintenance doses may-be AAMI GIETAL A rolyo Teglar Iterace A gac 
ee eae oe balanced anesthests, 
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given stow} or in divided doses if one 
minute, is recommended for patients with ficant cardiovascular disease and for 
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with sgitly greater frequency than in adults. 
le el 10 mg atracurium besylate in each mi. 
_ of 5 mi. (50 mg atracurium besytate per ampui). Box of 10 ampuis (NDC-0081-09 40) 


40 mil Jo Dosė Vial (100 mg atracurium besylate per vial). The multiple dese vial 
contaias 0.9% benzyl alcohol added as a preservative. Box of 10 { (NDC-008 1-0940-95). 


Store andes refrigeration at 2° to 8°C (38° to 46°F}; DQ NOT FREEZE. 
U.S. Retont No: 4179507 ` 7 oh Printed h U.S.A. 
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60-second reversal 
of neuromuscular blockade 


e Onset of reversal significantly faster than with neostigmine or 
pyridostigmine—60 seconds versus 7 minutes for neostigmine, 12 
minutes for pyridostigmine. '” 





e Duration of reversal comparable to that of neostigmine—66 minutes 
versus 76 minutes for neostigmine.” 


e Significantly fewer muscarinic side effects and lower atropine 
requirement than with neostigmine—edrophonium, 0.5 mg/kg, with 
only 7 pg/kg atropine, produced minimal change in heart rate or mean 
arterial pressure compared to noticeable changes in both indexes 
following neostigmine, 0.04 mg/kg, using twice the atropine dose 


(15 yg/kg).”” 


e May be the preferred reversal agent for atracurium and vecuronium 
“ compared with neostigmine, edrophonium has a more complete 
spectrum of atracurium reversal characteristics, and...antagonizes 
more rapidly residual atracurium-induced neuromuscular blockade.” 


“Edrophonium may in fact be the preferred reversal agent for routine 
use with [vecuronium], having the advantages that restoration of 
voluntary muscle function is very rapid, and that the relatively small 
dose of atropine required minimizes the unwanted side-effects of 
this drug.’” 


*Note: When duration of action is adjusted for differences in onset of action, the relative durations are 65 minutes for edrophonium 
and 69 minutes for neostigmine. 


1. Cronnelly R, Morris RB, Miller RD: Edrophonium: duration of action and atropine requirement in humans during halothane anesthesia. Anesthesiology 
57:261-266, 1982. 2. Miller RD, et al: Comparative times to peak effect and duration of action of neostigmine and pyridostigmine Anesthesiology 
41:27-33, 1974. 3. Jones RM, Pearce AC, Williams JP: Recovery characteristics following antagonism of atracurium with neostigmine or edrophonium. 
Br J Anaesth 56:453-457, 1984. 4. Baird WLM, Bowman WC, Kerr WJ: Some actions of ORG NC45 and of edrophonium in the anaesthetized cat 

and in man. Br J Anaesth 54:375-385, 1982. 


Please see use information on next page. 
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Enlon (edrophonium chloride injection, USP) 


DESCRIPTION 

ENLON (edrophonium chloride injection, USP) is a rapid acting cholinergic 
{cholinesterase inhibitor). Chemicaily edrophonium chloride is ethyl 
(m-hydroxypheny!l) dimethylammonium chloride and its structural formula is: 


CHCH, 7 
| 


| HO — ¢ or 


EMMEN C aes 


ENLON contains in each mL of sterile solution: 

10 mg edrophonium chioride compounded with 0.45% phenol and 0.2% sodium sulfite 
as preservative, buffered with sodium citrate and citric acid., Its pH is adjusted to 
approximately 5.4. 


CLINICAL PHARMACOLOGY 

ENLON (edrophonium chloride injection, USP) activates neuromuscular transmission 
primarily by inhibiting or inactivating acetyicholinesterase. By inactivating the acetyl- 
cholinesterase enzyme, acetyicholine is not hydrolyzed by acetylcholinesterase and 
is thereby allowed to accumulate. The accumulation of acetylcholine at the sites of 
cholinergic transmission facilitates transmission of impulses across the myoneural 
junction. 


INDICATIONS AND USAGE 

ENLON (edrophonium chloride injection, USP} is recommended as a reversal agent 
or antagonist of nondepolarizing muscle relaxants such as tubocurarine, metocurine, 
atracurium, vecuronium, or pancuronium. It is not effective against depolarizing 
relaxants such as succinyicholine and decamethonium. It is also useful if used 
adjunctively in the treatment of respiratory depression caused by curare overdosage. 
ENLON 1s recommended for use in the differential diagnosis of myasthenia gravis. 
It may also be used as an adyunct to evaluate treatment requirements of the disease, 
and for evaluating emergency treatment in myasthenic crisis. It is not recommended 
for maintenance therapy in myasthenia gravis. 


CONTRAINDICATIONS 


ENLON (edrophonium chloride injection, USP) is not to be used in patients with known 
hypersensitivity to anticholinesterase agents, or in patients having urinary obstruc- 
tions of mechanical type. 


WARNINGS 


itis recommended that 1 mg atropine sulfate should be made available for immediate 
use, to counteract any severe cholinergic reaction. ENLON (edrophonium chloride 
injection, USP) should be used with caution in patients with bronchial asthrna or 
cardiac dysrhythmias. Transient bradycardia may occur and he relieved by atrapine 
sulfate. Isolated instances of cardiac and respiratory arrest following administration 
of edrophonium chloride have been reported. It is postulated that these are vagotonic 
effects. 


PRECAUTIONS 


General: As with any antagonist of nondepolarizing muscle relaxants, adequate 
recovery of voluntary respiration and neuromuscular transmission must be obtained 
prior to discontinuation of respiratory assistance. Should a patient develop 
“anticholinesterase insensitivity” for brief or prolonged periods, the patient should 
be carefully monitored and the dosage of anticholinesterase drugs reduced or withheld 
unti the patient again becomes sensitive to them. 

Drug Interactions: The drug should not be administered prior to the administration 
of any nondepolarizing muscle relaxants. The drug should be administered with 
caution to patients with symptoms of myasthenic weakness who are also on 
antichclinesterase drugs. Anticholinesterase overdosage (cholinergic crisis} symptoms 
may mimic underdosage (myasthenic weakness) so the use of this drug may worsen 
the condition of these patients (see OVERDOSAGE section for treatment). 
Pregnancy Category C: It is not known whether ENLON (edrophonium chieride 
injection, USP) can cause fetal harm when administered to a pregnant woman of can 
affect reproduction capacity. since there have been no adequate and wel! controlled 
studies in humans. 

Labor and Delivery: The effect of ENLON on the mother and fetus, on the 
duration of labor or delivery, on the possibility that forceps delivery or other interven- 
tion or resuscitation of the newborn will be necessary is not known. The effect of the 
drug on the later growth, development and functional maturation of the child is also 
unknown. 

Nursing Mothers: The safety of ENLON during lactation in humans has not been 
established. 


ADVERSE REACTIONS 

A patient in myasthenic crisis, being treated with ENLON (edrophonium chloride 
injection, USP} should be observed for bradycardia or cardiac standstill and cholinergic 
reactions if an overdosage is given. Reactions common to anticholinesterase agents 
such as edrophonium chloride are: 

Cardiovascular: arrhythmias (especially bradycardia}. fall in output leading to 
hypotension; 

Respiratory: increased tracheobronchial secretions, laryngespasm, bronchiolar 
constriction and respiratory muscle paralysis; 

Neurologic: convulsions, dysarthria, dysphonia, and dysphagia; 


Gastrointestinal: nausea, vomiting, increased peristalsis, increased gastric and 
intestinal secretions, diarrhea, abdominal cramps; 


Musculoskeletal: weakness and fasciculations; 
Miscellaneous: increased urinary frequency, diaphoresis, increased lacrimation, 
pupillary constriction, diplopia, and conjunctival hyperemia. 
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OVERDOSAGE 
Muscarine-like symptoms (nausea, vomiting, diarrhea, sweating. increased bronchial 
and salivary secretions and bradycardia) may appear with overdosage (cholinergic 
crisis) of ENLON (edrophonium chloride injection, USP} but may be managed by the 
use of atropine. Obstruction of the airway by bronchial secretions can arise and may 
be managed with suction (especially if tracheostomy has been performed) and by the 
use of atropine. Signs of atropine overdosage such as dry mouth, flush and tachycar- 
dia should be avoided as tenacious secretions and bronchial plugs may form. Should 
edrophonium chloride overdosage occur: 

1. Maintain respiratory exchange. 

2 Monitor cardiac function. 
Appropriate measures should be taken if convulsions or shock are present. 


DOSAGE AND ADMINISTRATION 

The recommended adult intravenous injection for antagonism of neuromuscular 
block: 

Administer 1 mL (10 mg} slowly within a period of 30 to 45 seconds, the dosage may 
be repeated to a maximum total dose of 4 mL (40 mg}. Its onset of action is manifest 
within 30 to 60 seconds after injection. Response should be monitored carefully and 
assisted ventilation should always be employed. When given to counteract muscle 
relaxant overdosage, the dose effect on respiration should be observed prior to repeat 
dosages and assisted ventilation should be employed. 


ENLON (edrophonium chloride injection, USP) Test in Differential Diagnosis of 
Myasthenia Gravis: 

Aduits: 

Intravenous Dosage: Prepare a tuberculin syringe with 1 mL (10 mg} of ENLON and 
an intravenous needie; intravenously inject 0.2 mL {2 mg) within 15 to 30 seconds. 
The needle should be left in situ. If a cholinergic reaction (muscarinic side effects, 
skeletal muscle fasciculations and increased muscle weakness) occurs, discontinue 
test and intravenously administer 0.4 mg to 0.5 mg atropine sulfate. Inject the remain- 
ing 08 mL (8 mg) only if no reaction occurs after 45 seconds. The test may be repeated 
after one-half hour. 

Intramuscular Dosage: Intramuscularly inject 1 mL (10 mg) of ENLON. If hyperreac- 
tivity (cholinergic reaction) is demonstrated, retest the patient after one-half hour with 
another intramuscular injection of 0.2 mL (2 mg) ENLON. This will eliminate the 
possibility of false-negative reactions. 


Chiidren: 

Intravenous dose in children weighing up to 75 pounds: 

Intravenously inject 0.1 mL {1 mg) ENLON. If there is no response within 45 seconds, 
incremental doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 0.5 mL (5 mg). The recommended dose in infants is 
0.05 mL (0.5 mg}. 

Intravenous dose in children weighing above 75 pounds: 

Intravenously inject 0.2 mL (2 mg) ENLON. If there is no response within 45 seconds, 
incremental doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 1 mL (10 mg}. 

intramuscular Dose: [ntramuscularly inject 0.2 mL (2 mg) ENLON in children weighing 
up to 75 pounds; above this weight, the dose is 0.5 mL {$ mg). All signs of hyperreac- 
tivity (cholinergic reaction) noted in the intravenous test will be demonstrated in the 
intramuscular test; however, there is a two to ten minute delay before reaction. 


ENLON (edrophonium chloride injection, USP) Test to Evaluate Treatment 
Requirements in Myasthenia Gravis: 

The test dose of ENLON should follow one hour after oral intake of the drug being 

used to treat the disease. The recommended dose is 0.1 mL to 0.2 mL (1 mg to 2 mg) 

administered intravenously. Response to ENLON test dose in treated myasthenic 

patients is summarized as follows: 
Undertreated patient: Myasthenic response; characterized by increased muscle 

strength (ptosis, diplopia, dysphonia, dysphagia, dysarthria, respiration, limb strength). 

This indicates inadequate treatment of the myasthenic condition. 

Controlied patient: Adequate response; characterized by no change in muscle strength 

with minimai side reactions (lacrimation, diaphoresis, salivation, abdominal cramps, 

nausea, vomiting, diarrhea). Fasciculations {orbicularis oculi, facial muscles, limb 

muscles) may or may not occur. The response indicates that therapy is stabilized. 

Overtreated patient: Cholinergic response; characterized by decreased muscle strength 

and severe side reactions. Fasciculations may be observed. This response occurs in 

myasthenics who have been overtreated with anticholinesterase drugs. 


ENLON (edrophonium chloride injection, USP) Test in Crisis: 

Crisis in the myasthenic patient is characterized as a state of severe respiratory distress 
with inadequate ventilatory exchange, and unpredictable response to medication. If 
the patient is apneic, achieve ventilatory exchange immediately to avoid cardiac 
arrest and irreversible central nervous system damage. 

The ENLON Test should not be conducted until respiratory exchange is maintained. 
The cholinergic patient will exhibit further weakness in the muscles of respiration 
and will have increased oropharyngeal secretions if ENLON is administered. Whereas. 
upon administration of ENLON the myasthenic patient will demonstrate improved 
respiration and can be given additional medication. To perform the test prepare a 
syringe with 0.2 mL (2 mg} ENLON and intravenously inject 0.1 mL (1 mg). The 
patient’s cardiac and respiratory actions should be observed for change. The remain- 
ing 0.1 mL (1 mg) may be injected after one minute if no response is noted. If, after 
the entire 0 2 mL (2 mg} dose has been injected, no improvement in respiration occurs, 
discontinue all anticholinesterase drugs. Controlled ventilation can be achieved by 
tracheostomy with assisted respiration. 


HOW SUPPLIED 
ENLON {edrophonium chloride injection, USP): 
NDC 10019-873-15 15 mL multidose vials. 2-95 


New... 

A significant 
advance in 
anesthesia anad 
sedation 


One agent for: 


@ PREMEDICATION 


@ |V CONSCIOUS 
SEDATION 


@ INDUCTION AND AS A 
COMPONENT OF 


BALANCED ANESTHESIA 





For every indication, 


Artist's conception of the levels of 
sedation you can achieve with new 
VERSED (midazolam HCl/Roche): 1) pre- 
operative medication, 2) |.V. conscious 
sedation, 3) induction of anesthesia and 
as a component of balanced anesthesia. 


Copyright © 1986 by Hoffmann-La Roche Inc. All nghts reserved 





op 
= 
> 
k 
San 
& 


ion 


ic act 


d amnest 


x 


ive an 


yates 


a 


ous sedat 


nestic effect... 


ion 


F 


a 


‘and as a component 


anesthesia 
ion... smooth emergence 


[ | ; induct 


INJECTABLE 


istration Guidelines and see complete product information on last pages of this 





{he advantage in premedication 


Virtually painle 





on injection... 
and amnestic action 


Virtually painless 


The first stable water-soluble benzodiaze- 
pine, VERSED administered intramus- 
cularly produces less pain, induration or 
tissue irritation than hydroxyzine |.M. 


Sedates faster 


In double-blind premedication studies, 

onset of sedation was significantly faster 

and more pronounced with VERSED I.M. than with hydroxyzine |.M. After 15 minutes, 
43% of 149 patients treated with VERSED had reached the most desirable levels 

of sedation compared to only 19% of 101 patients treated with hydroxyzine. 


Diminishes recall with a single I.M. injection 
Patients treated with VERSED I.M. had significantly less recall of memory cards (22/71) 
shown during the preanesthetic period than patients treated with hydroxyzine (70/79). 
Amnesia was greatest 30 to 60 minutes after administration. And when VERSED was 
given with scopolamine, the period of diminished recall extended to 90 minutes. 


Compatible with other agents 
in the same syringe 


VERSED can be mixed in the same syringe with other frequently used premedicants: 
morphine sulfate, meperidine, atropine sulfate or scopolamine. 


NEW INJECTABLE 


| VERSED 


midazolam oche QV. 


Please note Dosage and Administration Guidelines and see complete product information on last pages of this 
advertisement. 





{he advantage in IV conscious sedatio 


Superior amnestic effec 





less tissue irritation 


Significantly less recall 


In double-blind, multicenter studies, patients 
treated with VERSED had significantly less 
recall of endoscopic procedures than 
patients receiving diazepam. Of 256 
VERSED patients, well over half—60%—had 
no recall of their procedures when ques- “| _womecan AS imeeawe met 
tioned one hour later. By contrast, only 21% i LV. diazepam LV. 
of 262 diazepam patients had a similar lack a 
of recall. 
Use of a topical anesthetic for peroral procedures and narcotic premedication for 
bronchoscopies is recommended. 


Less irritation 


VERSED produced less pain or burning during |.V. administration than diazepam. 
VERSED also produced less postprocedural irritation: One week following I.V. administra- 
tion, only 1.4% of 512 patients who received VERSED had tenderness of the vein com- 
pared with 3.0% of 503 patients who received diazepam (P = 0.07). 


Faster onset 


In the majority of clinical studies, the time required to reach the end point of slurred 
speech was significantly shorter when patients received VERSED LV. rather than diaze- 
pam IV. For most procedures, VERSED induced sedation in mean times of 2.8 to 4.8 
minutes, while diazepam required mean times of 2.6 to 9.0 minutes. 

As a standard precaution, prior to the I.V. administration of VERSED in any cose, 
oxygen and resuscitative equipment should be immediately available and a person 
skilled in maintaining a patent airway and supporting ventilation should be present. Extra 
care should be observed in the elderly and debilitated, and in those with limited pulmo- 
nary reserve. Dosage of VERSED should be lowered by about 25% to 30% if narcotic 
premedication is used. Caution patients about driving or operating hazardous machinery 
after receiving VERSED. 


NEW INJECTABLE 


| VERSED 


0 che @v. 


midazol 


Please note Dosage and Administration Guidelines and see complete product information on last pages of this 
advertisement. 





The advantage in anesthetic induction anc 





balanced anesthesia 


smooth emergence 


Smooth induction of anesthesia 


Intravenous VERSED provides induction of general anesthesia, prior to administration of 
other anesthetic agents, as effectively as thiopental in properly premedicated patients. 
And it does so with significantly less apnea. Among 159 oremedicated patients who 
received VERSED, 37% had apnea, compared to 54% of 137 premedicated patients 
given thiopental. 

VERSED IV. should be administered slowly, with the initial dose given over 20 to 30 
seconds and titrated to desired effect. Avoid intra-arterial injection or extravasation. (See 
Warnings section of complete product information.) Dosages of VERSED should be 
lowered if sedative or narcotic premedication is used. 


Minimal adverse hemodynamic effects 


While the hemodynamic effects of VERSED I.V. do not differ significantly from those of 
thiopental, they are somewhat less pronounced. Standard resuscitative equipment 
should be available, however, and extra care observed in elderly or debilitated patients, 
and in patients with limited pulmonary reserve. VERSED should be administered as an 
induction agent only by a person trained in anesthesiology. 


Valuable as a component of balanced 


anesthesia for short surgical procedures 


VERSED not only works rapidly and safely, it's easily titrated during balanced anesthesia. 


Compatible—ready to use 


VERSED is compatible with 5% dextrose in water, normal saline and lactated Ringers 
solution. No reconstitution or refrigeration is needed. VERSED is available in unit-dose and 
multidose vials and Tel-E-Ject” disposable syringes. 


INJECTABLE 


NEW 
VERSE 


midazolam HCI Roche V 


Please note Dosage and Administration Guidelines and see complete product information on last pages of this 
advertisement. 





Dosage and Administration Guidelines 


Indication Usual Adult Dose Administration 
0.07-0.08 mg/kg 











Premedication |.M., deep in a large muscle mass, 


approx. one hour before surgery. 






Approx. 5 mg in the average adult. 







May be mixed with morphine sulfate, 
meperidine, atropine or scopolamine. 





I.V. Conscious 
Sedation 






0.1-0.15 mg/kg is generally adequate, 


Slow I.V. administration into a large 
but up to 0.2 mg/kg may be given. 


vein; titrate to desired sedative end 
point, i.e., slurred speech. 






















Lower dosage by 25-30% when nar- 
cotic premedication is given. Administer immediately before the 
procedure. Use of a topical anesthetic 
for peroral procedures and narcotic 
premedication for bronchoscopies is 
recommended. 






Patients over 60 require lower doses— 
reduce by 30%. 









Increments of 25% of initial dose to 
maintain desired level of sedation. IMPORTANT: Start with the lowest 


dose of the range and titrate slowly. 













Induction Premedicated Patients 


Range: 0.15-0.35 mg/kg 


Slow I.V. administration into a large 
vein. 





IMPORTANT: Start with the lowest 


Average adult under 55: 0.25 mg/kg dose of the range and titrate slowly. 






Over 55, ASA I or Il: initial dose of 0.2 
mg/kg 






If needed to complete induction, incre- 
ments of approximately 25% of the 
patient's initial dose may be used. 







ASA III or IV: 0.15 mg/kg 









Unpremedicated Patients 





Average adult under 55: 0.3-0.35 
mg/kg initially, up to 0.6 mg/kg 






Over 55: initial dose of 0.3 mg/kg 







ASA III or IV: initial dose of 0.2-0.25 
mg/kg 














Minimum dose of 0.15 mg/kg 







As a component of 
balanced anesthesia 
for short surgical 
procedures 


Approximately 25% of the induction 

dose should be given in response to 
signs of lightening of anesthesia and 
repeated as necessary. 





VERSED is contraindicated in patients with a known hypersensitivity to the drug. Benzodiaze- 


pines are contraindicated in patients with acute narrow angle glaucoma: however. they may be 
used in patients with open angle glaucoma only if they are receiving appropriate therapy 


Titrate to desired effect 
Cone» / midazolamHC] Roche @ 
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VERSED® (brand of midazolam HCI/Roche) INJECTABLE “ 


DESCRIPTION: VERSED (brand of midazolam hydrochloride: Roche) is a water-soluble benzodiazepine 
available as a sterile parenteral dosage form for intravenous or intramuscular injection. Each ml con- 
tains midazolam hydrochloride equivalent to 5 mg midazolam compounded with 0.8% sodium chloride 
and 0.01% disodium edetate, with 1% benzy! alcohol as preservative; the pH is adjusted to approxi- 
mately 3 with hydrochloric acid and, if necessary, sodium hydroxide 

Chemically, midazolam is 8-chloro-6-(2-fluoropheny!)-1-methy!-4H-imidazo[1,5-a] [1.4]benzodiaze- 
pine. It is a white to light yellow crystalline compound, insoluble in water; the hydrochloride salt is 
soluble ir aqueous solutions. Midazolam has a calculated molecular weight of 325.78 

CLINICAL PHARMACOLOGY: VERSED is a short-acting benzodiazepine central nervous system depres- 


r sant 


The effects of VERSED on the CNS are dependent on the dose administered, the route of administration 
and the presence or absence of other premedications. Onset time of sedative effects after IM adminis- 
tration wes 15 minutes, with peak sedation occurring 30 to 60 minutes following injection. In one study, 
when tested the following day, 73% of the patients who received VERSED intramuscularly had no recall 
of memory cards shown 30 minutes following drug administration: 40% had no recall of the memory 
cards shewn 60 minutes following drug administration 

Sedation after IV injection was achieved within 3 to 5 minutes. the time of onset is affected by total dose 
administered and the concurrent administration of narcotic premedication. Seventy-one percent of the 
patients in the endoscopy studies had no recall of introduction of the endoscope; 82% of the patients 
had no recall of withdrawal of the endoscope 

When VERSED is given intravenously as an anesthetic induction agent, induction of anesthesia occurs 
in approx mately 1.5 minutes when narcotic premedication has been administered and in 2 to 2 5 min- 
utes without narcotic premedication or with sedative premedication. Some impairment in a test of mem- 
ory was noted in 90% of the patients studied 

VERSED, used as directed, does not delay awakening from general anesthesia. Gross tests of recovery 
after awakening (orientation, ability to stand and walk, suitability for discharge from the recovery room, 
return to daseline Trieger competency) usually indicate recovery within 2 hours but recovery may take 
up to 6 hours in some cases. When compared with patients who received thiopental, patients who 
received midazolam generally recovered at a slightly slower rate. Reaction time under stress (operating 
automobiles or other hazardous machinery) has not been studied. (See WARNINGS.) 

The intravenous administration of VERSED decreases the minimum alveolar concentration (MAC) of 
halothane required for general anesthesia. This decrease correlates with the dose of VERSED adminis- 
tered 

In patients without intracranial lesions, induction with VERSED ıs associated with a moderate decrease 
in cerebrospinal fluid pressure (lumbar puncture measurements), similar to that seen following use of 
thiopenta!. Preliminary data in intracranial surgical patients with normal intracranial pressure but 
decreasec compliance (subarachnoid screw measurements) show comparable elevations of intracra- 
nial pressure with VERSED and with thiopenta! during intubation 

Measurements of intraocular pressure in patients without eye disease show a moderate lowering follow- 
ing induction with VERSED; patients with glaucoma have not been studied 

Usual intramuscular premedicating doses of VERSED do not depress the ventilatory response to carbon 
dioxide st mulation to a Clinically significant extent. Induction doses of VERSED depress the ventilatory 
response to carbon dioxide stimulation for 15 minutes or more beyond the duration of ventilatory 
depression following administration of thiopental. Impairment of ventilatory response to carbon dioxide 
is more marked in patients with chronic obstructive pulmonary disease (COPD). Sedation with intrave- 
nous VERSED does not adversely affect the mechanics of respiration (resistance, static recoil, most 
lung volume measurements); total lung capacity and peak expiratory flow decrease significantly but 
Static compliance and maximum expiratory flow at 50% of awake total lung capacity (Vmax) increase 
In cardiac hemodynamic studies, induction with VERSED was associated with a slight to moderate 
decrease n mean arterial pressure, cardiac output, stroke volume and systemic vascular resistance 
Slow heart rates (less than 65/minute), particularly in patients taking propranolol for angina, tended to 
rise slight y; faster heart rates (e.g., 85/minute) tended to slow slightly 

The following preliminary pharmacokinetic data for midazolam have been reported. In normal subjects 
and healthy patients intravenous midazolam exhibited an elimination half-life of 1.2 to 12.3 hours. a 
large volume of distribution (0.95 to 6.6 L’kg) and a plasma clearance of 0.15 to 0.77 Uhr/kg 
Following intravenous administration, less than 0.03% of the dose is excreted in the urine as intact 
midazolam. Midazolam is rapidly metabolized to 1-hydroxymethy! midazolam which is conjugated with 
subsequent excretion in the urine. Approximately 45% to 57% of the dose is excreted in the urine as the 
conjugate of 1-hydroxymethyl midazolam, the major metabolite of midazolam. The half-life of elimina- 
tion of 1-hydroxymethy! midazolam is similar to the parent compound. The concentration of midazolam 
is 10- to 30-fold greater than that of 1-hydroxymethyl midazolam after single IV administration 

Clinical effects of VERSED do not directly correlate with the blood concentrations of midazolam 

In a small group of patients (n = 11) with congestive heart failure, there appeared to be a 2- to 3-fold 
increase in the elimination half-life and volume of distribution of midazolam; however, the total body 
clearance of midazolam appeared to remain unchanged at a single 5-mg intravenous dose. There was 
no apparent change in the pharmacokinetic profile following the intravenous administration of 5 mg of 
midazolam to a small group of patients (n = 12) with hepatic dysfunction. There was a 1.5- to 2-fold 
increase in elimination half-life. total body clearance and volume of distribution in a small group of 
patients (r = 15) with chronic renal failure 

In a small group (n = 12) of surgical patients, aged 49 to 60 years old, given 0.2 mg/kg midazolam 
intravenously, there appeared to be a small increase in the volume of distribution and elimination half- 
life with little change in total body clearance compared to an equal number of younger surgical patients 
(aged 18 to 30) 
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The mean absolute bioavailability of midazolam following intramuscular administration is greater than 
90%. The mean time of maximum midazolam plasma concentrations following intramuscular dosing 
occurs within 45 minutes postadministration. Peak concentrations of midazolam as well as 1-hydroxy- 
methy! midazolam after intramuscular administration are about one-half of those achieved after equiva- 
lent intravenous doses. The pharmacokinetic profile of elimination after intramuscularly administered 
midazolam is comparable to that observed following intravenous administration of the drug. Dose-lin- 
earity relationships have not been adequately defined 

Midazolam is approximately 97% plasma protein-bound in normal subjects and patients with renal fail- 

ure. In animals, midazolam has been shown to cross the blood-brain barrier. In animals and in humans, 

midazolam has been shown to cross the placenta and enter into fetal circulation. It is not known whether 
midazolam is excreted in human milk 

INDICATIONS: Injectable VERSED is indicated— 

@ intramuscularly for preoperative sedation (induction of sleepiness or drowsiness and relief of appre- 
hension) and to impair memory of peri-operative events; 

@ intravenously as an agent for conscious sedation prior to short diagnostic or endoscopic procedures, 
such as bronchoscopy, gastroscopy, cystoscopy, coronary angiography and cardiac catheterization, 
either alone or with a narcotic; 

@ intravenously for induction of general anesthesia, before administration of other anesthetic agents. 
With the use of narcotic premedication, induction of anestnesia can be attained within a relatively 
narrow dose range and in a short period of time. Intravenous VERSED can also be used as a compo- 
nent of intravenous supplementation of nitrous oxide and oxygen (balanced anesthesia) for short 
surgical procedures; longer procedures have not been studied 

When used intravenously, VERSED is associated with a high incidence of partial or complete impair- 
ment of recall for the next several hours. (See CLINICAL PHARMACOLOGY. ) 
CONTRAINDICATIONS: Injectable VERSED is contraindicated in patients with a known hypersensitivity 
to the drug. Benzodiazepines are contraindicated in patients with acute narrow angle glaucoma. Benzo- 
diazepines may be used in patients with open angle glaucoma only if they are receiving appropriate 
therapy. (See CLINICAL PHARMACOLOGY. ) 
WARNINGS: PRIOR TO THE INTRAVENOUS ADMINISTRATION OF VERSED IN ANY DOSE, THE IMME- 
DIATE AVAILABILITY OF OXYGEN AND RESUSCITATIVE EQUIPMENT FOR THE MAINTENANCE OF A 
PATENT AIRWAY AND SUPPORT OF VENTILATION SHOULD BE ENSURED. Because intravenous 
VERSED depresses respiration (see CLINICAL PHARMACOLOGY) and because opioid agonists and 
other sedatives can add to this depression, VERSED should be admmistered as an induction agent only 
by a person trained in general anesthesia and should be used in conscious sedation only when a person 
skilled in maintaining a patent airway and supporting ventilation is present. 
Injectable VERSED should not be administered to patients in shock or coma, or in acute alcohol intoxi- 
Cation with depression of vital signs. 
The hazards of intra-arterial injection of VERSED solutions in humans are unknown; therefore, extreme 
precautions against unintended intra-arterial injection should be taken. Extravasation should also be 
avoided 
Higher risk surgical patients or debilitated patients require lower dosages for induction of anesthesia, 
whether premedicated or not. Patients with chronic obstructive pulmonary disease are unusually sensi- 
tive to the respiratory depressant effect of VERSED. Patients with chronic renal failure have a 1.5- to 
2-fold increase in elimination half-life, total body clearance and volume of distribution of midazolam. 
Patients with congestive heart failure have a 2- to 3-fold increase in the elimination half-life and volume 
of distribution of midazolam. Patients over the age of 55 years require lower dosages for induction of 
anesthesia, whether premedicated or not. Because elderly patients frequently have inefficient function 
of one or more organ systems, and because dosage requirements nave been shown to decrease with 
age, reduced initial dosage of VERSED is recommended and the possibility of profound and/or pro- 
longed effect should be considered. 

Concomitant use of barbiturates, alcohol or other central nervous system depressants may increase the 

risk of underventilation or apnea and may contribute to profound and/or prolonged drug effect. Narcotic 

premedication also depresses the ventilatory response to carbon dioxide stimulation 

Hypotension occurred more frequently in the conscious sedation studies in patients premedicated with 

a narcotic 

The decision as to when patients who have received injectable VERSED, particularly on an outpatient 

basis. may again engage in activities requiring complete mental alertness, operate hazardous 

machinery or drive a motor vehicle, must be individualized. Gross tests of recovery from the effects of 

VERSED (see CLINICAL PHARMACOLOGY) cannot be relied upon alone to predict reaction time under 

stress. This drug is never used alone during anesthesia and the contribution of other peri-operative 

drugs and events can vary. It is recommended that no patient operate hazardous machinery or a motor 
vehicle until the effects of the drug. such as drowsiness, have subsiced or until the day after anesthesia 
and surgery, whichever is longer 

Usage in Pregnancy: An increased risk of congenital malformations associated with the use of ben- 

zodiazepine drugs (diazepam and chlordiazepoxide) has been suggested in several studies. If this 

drug is used during pregnancy, the patient should be apprised of the potential hazard to the fetus. 

PRECAUTIONS: General: Because an increase in cough reflex and laryngospasm may occur with peroral 

endoscopic procedures, the use of a topical anesthetic agent and the availability of necessary counter- 

measures are recommended. The use of narcotic premedication is recommended for bronchoscopies. 

Intravenous doses of VERSED should be decreased by 25% to 30% tor elderly and debilitated patients. 

(See WARNINGS and DOSAGE AND ADMINISTRATION.) These patients will also probably take longer to 

recover completely after VERSED administration for the induction of anesthesia. 

VERSED does not protect against the increase in intracranial pressure or circulatory effects noted fol- 

lowing administration of succinyicholine 

VERSED does not protect against the increase in intracranial pressure or against the heart rate rise 

and/or blood pressure rise associated with endotracheal intubation under light general anesthesia. 

Information for patients: To assure safe and effective use of benzodiazepines, the following information 

and instructions should be communicated to the patient when appropriate: 

1. Inform your physician about any alcoho! consumption and medicine you are now taking, including 
drugs you buy without a prescription. Alcohol has an increased effect when consumed with ben- 
zodiazepines: therefore, caution should be exercised regarding simultaneous ingestion of alcohol 
during benzodiazepine treatment 

2. Inform your physician if you are pregnant or are planning to become pregnant 

3. Inform your physician if you are nursing 


Drug interactions: The hypnotic effect of intravenous VERSED is accentuated by premedication, partic- 
ularly narcotics (2.g., morphine, meperidine and fentanyl) and also secobarbital and Innovar (fentanyl 
and droperidol). Consequently, the dosage of VERSED should be adjusted according to the type and 
amount of premedication administered. (See DOSAGE AND ADMINISTRATION.) 

A moderate reduction in induction dosage requirements of thiopental (about 15%) has been noted fol- 
lowing use of intramuscular VERSED for premedication 

The use of VERSED as an induction agent may result in a reduction of the inhalation anesthetic require- 
ment during maintenance of anesthesia. (See CLINICAL PHARMACOLOGY. ) 

Although the possibility of minor interactive effects has not been fully studied, VERSED and pancuro- 
nium have been used together in patients without noting Clinically significant changes in dosage, onset 
or duration. VERSED does not protect against the characteristic circulatory changes noted after admin- 
istration of succinylcholine or pancuronium and does not protect against the increased intracranial 
pressure noted following administration of succinylcholine. VERSED does not cause a Clinically signifi- 
cant change in dosage, onset or duration of a single intubating cose of succinylcholine 

No significant adverse interactions with commonly used premedications or drugs used during anesthe- 
Sia and surgery (including atropine, scopolamine, glycopyrrolate, diazepam, hydroxyzine, d-tubocu- 
rarine, succinyicholine and nondepolarizing muscle relaxants) or topical local anesthetics (including 
lidocaine. dyclonine HCI and Cetacaine) have been observed 

Drug/laboratory test interactions: Midazolam has not been shown to interfere with results obtained in 
Clinical laboratory tests 
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Carcinogenesis, mutagenesis, anpatrment of forti#tty: 

Carcinogenesis: Midazolam maleate was administered with diet in mice and rats for two years at dos- 
ages of 1, 9 and 80 mg/kg/day. In fernate mice in the highest dose group there was a marked increase In 
the Incidence of hepatic tumors. In high doss male rats thera was a small but statistically significant 
Increase In benign thyroid follicular cell tumors. Dosages of 9 mg/kg/day of midazolam maleate (25 
times a human dose of 0.35 mg/kg) do not Increase the incidence of tumors. The pathogenesis of 
induction of these tumors is not known. These tumors were found after chronic administration, 
whereas human use will ordinarily be of singis or several doses. 


Mutagenesis: Midazolam did not have mutagenic activity in Satmoneta typhimurium (5 bacterial . 


strains), Chinese hamster lung cells (V79), human lymphocytes, or In the micronucleus test in mice. 
Impairment of fertility: A reproduction study in male and female rats did not show any impairment of 
fertility at dosages up to 10 times the human IY dose of 0.35 mg/kg. 
Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
Segment i! teratology studies, performed with midazolam maleate Injectable In rabbits and rats at Sand 
10 times the human dose of 0.35 mg/kg, did not show evidence of teratoganicity. 
Nonteratagenic effects: Studies in rats showed no adverse effects on reproductive parameters during 
gestation and lactation. Dosages tested were approximately 10 times the human dose of 0.35 mg/kg. 
Labor and delivery: In humans, measurable levels of midazolam were found In materal venous serum, 
umbilical venous and arterial sarum and amniotic fud, indicating placental transfer of the drug. Follow- 
ing intramuscular administration of 0.05 mg/kg of midazotam, both the venous and tha umbilical arte- 
ral serum Concentrations were lower than maternal concentrations. 
The use of Injectable VERSED In obstetrics has not been evalirated In clinical studies. Because midaro- 
lam is transferred transplacentally and because other benzodiazepines given in the fast weeks of meg- 
nancy have resulted in neonatal CNS depression, VERSED Is not recommended for obstetrical use. 
Nursing mothers: itis not known whether midazolam is excreted in human milk. Because many drugs 
are excreted In human milk, caution should be exercised when injectable VERSED is administered to a 
nursing woman 
Pediatric use: Safety and effectiveness of VERSED in chikdren below the age of 18 have not been estab- 
lished. 
ADVERSE REACTIONS: Auctuations m vital signs were the most frequently seen findings following par- 
enteral administration of VERSED and included decreased tidal volume and/or respiratory rate decrease 
panded 3% of A aera following FV and 10.8% of patients following IM administration) and apnea (15.4% of 

foNowing iV administration), as well as variations in blood pressure and pulse rats. These are 
essai occurrences during anesthesia and surgery and are affected by the lightening or deepening of 
anesthesia, Instrumentation, intubation and use of concomitant drugs. 
In the conscious sedation studies, hypotension occurred more frequently after IV administration of 
VERSED In patients concurrently premedicated with meperidine. It should especially be noted that 
VERSED does not modify the clrcutatory effects of neuromuscular blocking agents or the tachycardia 
and blood pressure rises seen during endotracheal intubation under light general anesthesia. During the 
clinical investigations, three cases (0.2%) of transient fall in blood pressure greater than 50% were 
reported during the induction phase. 
The folowing adverse reactions were reported after Intramuscular administration: 

headache (1.3%) Local effects at IM injection site 


duration (0.5%) 


redness (0.5%) 
muscis stiffness (0.3%) 
The following adverse reactions were reported subsequent to Intravenous administration: 


hiccoughs (3.9%) Local effects at the IV site 
nausea (2.8%) tenderness (5.8%) 
vomiting (2.6%) paln during injection (5.0%) 
coughing (1.3%) redness (2.6%) 
“oversadation’’ (1.6%) induratlon (1.7%) 

headache (1.5%) - phlebitis (0.4%) 


) 
Other adverse experiences, observed mainty following IV infection and occurring at an incidence of less 
than 1.0%, are as follows: 
Respiratory: Laryngospasm, bronchospasm, dyspnea, hyperventilation, wheezing, shaltow respira- 
tions, alrway obstruction, tachypnaa 
Cardiovascular. Bigeminy, premature ventricular contractions, vasovagal episode, tachycardia, nodal 


rhythm. 

Gastrointestinal: Acid taste, excessive sallvation, retching, 

CAS/Neuromuscusar: Retrograde amnesia, euphoria, confusion, arqgumentativeness, nervousness, 
agitation, anxiety, grogginess, restlessness, emergance delirtum or agitation, prolonged emergence 
from anestheska, dreaming during emergence, sleep disturbance, insomnia, nightmares, tonictclonic 
movements, muscis tremor, involuntary movements, athstoid movements, ataxia, dizziness, dys- 
phoria, sturred speech, PAi paresthasla. 

Special Sense: Blurred vision, diplopia, nystagmus, pinpoint puplis, cyclic movements of eyelids, 
visual disturbance, difficulty focusing eyes, ears blocked, loss of balancs, lightheadedness. 
integumentary: Hives, hive-like elevation at injection site, swelling or feeling of burning, warmth or 
coldness at injection site, rash, pruritus. 

Miscellaneous; Yawning, lethargy. chills, weakness, toothache, faint fealing, hematoma. 

DRUG ABUSE AND DEPENDENCE: Midazolam is sublect to Schedule iV contro! under the Controlled 
Substances Act of 1970. 

Midazolam was actively self-administerad in primate models used to assess the positive reinforcing 
effects of psychoactive drugs. 

Midazolam produced physical dependence of a mild to moderate Intensity in cynomolgus monkeys after 
5 to 10 weeks of administration. Available data concerning the drug abuse and dependence potential of 
midazolam suggest thet Its abuse poterrtial bs at least equivalent to that of diazepam. 

OVERDOSAGE: There have been no reports of injectable VERSED overdosage. The manifestations of 
VERSED overdosage are axpected to be similar to those observed with other benzodiazepines and 
include sedation, somnolence, confusion, Impaired coordination, diminished reflexes, coma and unto- 
ward effects on vital signs. No evidence of spacific organ toxicity from VERSED overdosage would be 


expected. 
Treatment of overdosage: Treatment of Injectable VERSED Is the same as that followed for 
overdosage with other benzodiazepines. Respiration, pulse rate and blood pressure should be moni- 
tored and general supportive msasures should be employed. Attention shouid be given to the malnte- 
nance of a airway and support of ventilation. An Intravenous infusion should be started. Should 
hypotension develop, treatment mray Include intravenous fluid therapy, repositioning, judicious use of 
vasopressors appropriata to the clinical situation, if indicated, and other appropriate countermeasures. 
There is no information as to whether peritoneal dialysis, forced diuresis or hemodialysis are of any 
value in the treatment of midazolam overdosage. 
DOSAGE AND ADMINISTRATION: Dosage should be individualized. q peels lower doses aro 
required In elderly or debilitated patients. The dosage of Intravenous VERSED administered should be 
se according to the type and amount of premedication used. When intravenous use is indicated, 
faapa: a equipment and personne! resources for the maintenance of a patent airway should 
be Be bared available. (See WARNINGS.) 
injectable VERSED may be mixed in the same syringe with the following frequently used premedica- 
tiong: morphine sulfate, meperidine, atropine sulfate or scopolamine. injectable VERSED is compatible 
with 5% dextrose in water, 0.9% sodium chloride and lactated Ringer's solution. 
For intramuscufar use, VERSED should be injected deap In a large muscle mass. /ntravenous VERSED 
for conscious sedation should ba administered slowty; rapid injection may cause respiratory depression 
or apnea requiring assisted or controled ventilation. For induction of general anesthesta, the initial dose 
should be administered over 20 to 30 seconds for optimum effect. Extreme care should be taken to 
avotd intra-arterial Injection or extravasation (see WARNINGS). 
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INTRAMUSCULARLY 
For preoperative sedation (induction of sleep 
ness of drowsiness and relief of ap ton} 


and to Impalr memory ot peri-ope avants. 
INTRAVENOUSLY 
Endoscopic or Cardiovascular Procedures 


For conscious sedation, VERSED can be used 
either alone or together with a narcotic immedi- 
ataty before the procedure with supplemental 
doses of VERSED to maintain the desired level of 
sedation throughout the procedures. For peroral 
procedures, the use of an garth topical 
anesthetic Is recommended. For bronchoscopic 
procedures, the use of narcotic premedication Is 
recommended. 


Induction of Anesthesia 
For induction of general anesthesia, before 
administration of other anesthetic agents. 


injectable VERSED can also be used during main- 
tenance of anesthesia, for stort surgical proce- 
dures, as a com of balanced anesthesia. 
Effective narcotic premedication Is especially 
recommended in such cases. Long surgical pro- 
cedures have not been studied. 


Medicated patients with severe 


USUAL ADULT DOSE 

For premedication the recommended dos: 
VERSED is 0.07 to 0.08 mg/kg JM (appr 
matety § mg IM for an average adult) appr 
mately one hour before surgery. Onset is wi 
15 minutes, peaking at 30 to 60 minutes. I 
bs administered concomitantly with atropine 
fate or scopolamine hydrochloride and redu 
doses of narcotics. 


Titrate dosage to desired sedative end point, / 
slurring of speech, with slow administrai 
immediately prior to the procedure. Generally 
to 0.15 m ig adequate, but up to 0.2 mg 
may be given, particularly when concomil 
narcotics ars omitied. Doses in excess of C 
mg/kg may result in increased risk of respirat 
depression or drowsiness m eldarty or debiiite 
patients. Additional maintenance doses may 
given In increments of 25% of the Initial dos 
meaintaln the desired level of sedation. 
Narcotic premedication resutts in tess variab 
m patient response. Dosage should be lowe 
by about 25% to 30% if narcotic premedicatio 
used. Patlents 60 years or older may regi 
lower doses (by about 30%) than youn 
patients. 


Individual response to the drug [s variable, ; 
ticularty when a narcotic premedication ts 
used. The dosage should be titrated to 
desired effect according to the patient's age- 
clinical status. 
Unpremedicated Pattants 
In the absence of premedication, an aver 
adult under the age of 55 years will usu 
require an Initial dese of 0.3 to 0.35 mako 
induction, administered over 20 to 30 seco 
and allowing 2 minutes for effect. tf neede 
complete induction, increments of apor: 
mately 25% of the patient's Initial dose may 
used; induction may instead be completed 4 
volatile fiquid inhalational anesthetics. In res 
ant cases, up to,0.6 mg/kg total dase may 
used for Induction, but such larger doses r 
prolong recovery. 
Unpremedicated patients over the ape of 55 ye 
usually require less VERSED for induction; an 
thal dose of 0.3 mg/kg is recommended. Un 
emie dise 
or other debifitation usually require less VERS 
for Induction. An initia! dose of 0.2 to 0.25 mg 
will usually suffice; in some cases, as little 
0.15 mg/kg may suffice. 
Promadicated Patients 
When ihe patient has recelved sedative or r 
colic premedication, particularly narcotic { 
medication, the range of recommended dase 
0.15 to 0.35 mg/kg. 
In average adults below the age of 55 year 
dose of 0.25 mg/kg, administered over 20 tc 
seconds and allowing 2 minutes for effect, 
suffice. 
The initial dose of 0.2 mg/kg is recommandet 
good risk (ASA | and ID surgical patients over 
age of 55 years. 
in some patients with severe systemic dissas 
debliiitathon, as Mtie as 0.15 mg/kg may suffic 
Narcotic premedication frequently used dui 
clinical trials Included fentanyl (1.5 to 2-wo/kg 
administered 5 minutes before Induction), m 
phine (dosage Individualized, up to 0.15 mg 
IM), meperidine (dosage individualized, up { 
mg/kg 1M) and innovar (0.02 mi/kg IM). Seda 
premedications were hydroxyzine pamoate ( 
mg orally) and sodium secobarbttal (200 
Orally). Except for intravenous fentany!, admi 
tered 5 minutes before Induction, all other | 
medications should be administe: 
approximately one hour eee me 
pated for D indu 


Incremental infections of approximately 259 
the induction dose should be given In raspons 
signs of lightening of anesthesia and repeate 
necessary. 


Note: Parenteral drug products should be Inspected visually for particulate matter and discolore 
prior to administration, whenever solution and container permit. 


midazolam. 


2 mi vials (10 mg)—boxes of 10 (NDC 0004-1973-01); 
5 ml vials (25 mg)-—boxes of 10 (NDC 0004-1975-01); 


10 mi vials (50 mg}—boxes of 10 (NDC 0004-1946-01 


. HOW SUPPLIED: Ali package configurations contain midazolam hydrochlorides aquivaient to 5 


); 
2 ml Tel-E-Ject® disposable syringes (10 mg)-—boxes of 10 (NDC 0004-1947-01). 


` THIS PRODUCT INFORMATION ISSUED MARCH 1986. 


ROCHE LABORATORIES - 
Diviglon of Hoffmann-La Roche Ine. 
A Nutley, New Jersey 07110 
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ItCan MakeThe Critical Difference 
NEUROT RAC 


For early detection of neurological change 

A cerebral activity monitor should be in your operating room 

recovery room, or any critical care area. Now it can be. NEUROTRAC 
is the most convenient device ever developed to accurately monitor 
cerebral activity. Using easily interpreted processed EEG, NEUROTRAC 
allows you to detect changes in EEG which can be caused by ischemia 


or other factors, thereby providing added protection. NEUROTRAC Is in 
routine use on a worldwide basis during: Scaled 


carotid endarterectomy 
cardiopulmonary bypass 


| y 0} °,9 
induced hypotension 
barbiturate coma 


other conditions which could result in cerebral hypoxia 


NEUROTRAC is the system that FITS: > 
Your Needs. NEUROTRAC'S automatic printout and multiple display ICO C 


formats supply the right information in the right form for you. 








Neurotrac’s somatosensory evoked potential option allows assessment | 
of the functional integrity of neural pathways in orthopedic and eurotrac 
neurosurgical procedures. © 
Your space. NEUROTRAC'S compact size fits easily into the OR or ICU. 

F Your budget. NEUROTRAC provides critical information at substantially 
less cost than conventional EEG 


For more information 
call TOLL FREE 1-800-356-0007 


p ; f c 
Nicolet Biomedical Instruments NIE 
52254 Verona Road, Madison, WI, USA 53711, 608/271-3333, TWX 910-286-2711. Sales and Sefvice ICO C 


Offices Worldwide, Subsidiary Offices: Canada, France, Germany, Japan, Mexico, The Netherlands and E l , s 
United Kingdom. ectro p h y S10 l O 8 7 


yesterday, Today, Tomorrow 





The American Board of Anesthesiology (ABA) 
will administer its first written examination in 
Critical Care Medicine on Saturday, Sep- 
tember 27, 1986 in Boston, Massachusetts, 
and Dallas, Texas. Diplomates of the ABA 
who apply and are judged to be qualified by 
virtue of their additional training or experi- 
ence in Critical Care Medicine will be ac- 
cepted for examination. An application may 
be requested by writing to: 


secretary 

American Board of Anesthesiology 
100 Constitution Piaza 

Hartford, Connecticut 06103. 


The deadline for receipt of completed ap- 
plications in the Board office has been ex- 
tended to May 31, 1986. 





Anesthesiology Education 
Foundation 
presents 
“ANESTHESIA PRACTICE 1986” 
September 26-28, 1986 
Hyatt Regency, Monterey, California 


Objective: To present for the clinician the 
latest concepts in anesthetic 
management, including the phar- 
macology of new drugs, physio- 
logic principles, new develop- 
ments in equipment and 
techniques, and special topics. 
Faculty: G. Annat, R. M. Durazo, 
S. R. Hameroff, C. C. Hug, 
K. M. Janis, P. A. Kapur, 
D. A. Kroll, |. H. Rasool, 
K. K. Tremper. 


CME Credit: 1012 hours Category | 
Further Information: 
albea Education Foundation 
PO Box 24 
Federal Buildin 
Los Angeles, CA 90024 


NITROUS OXIDE/N,O 


Editor: Edmond I. Eger ll, M.D., Professor and Vice Chairman for Research, Department of 


Anesthesia, University of California, San Francisco 


After 140 years of use, nitrous oxide is now known to be 
more than an inert vehicle for other, more potent anes- 
thetics. Nitrous oxide affects the function of every body 
tissue significantly. Optimum application requires a full 
appreciation of both the benefits and potential hazards 
of this anesthetic substance. 


Nitrous Oxide/N,O is a complete resource on the subject. 
It describes what is known about nitrous oxide — applica- 
tions and contraindications — and debates its continued 
clinical use. The current clinical applications of N,O are 
reviewed by means of: 
m thorough discussion of N.O pharmacology and 
distribution 
z detailed summary of known side effects and toxicity 
u practical guidelines for avoiding and managing 
these effects 
Finally, the case for administering this anesthetic is care- 
fully and candidly assessed in chapters by proponents of 
both views. Nitrous Oxide/N,0 is a controversial wark that 
everyone using the drug will want to read. 


Order from your usua! supplier or 


Elsevier Science Publishing Co.. Inc. 
PA Rax1AAR2A Grand Central Station. New York. NY 10163 


Contents. Preface. Contributors. A History of Nitrous 
Oxide. Physics, Chemistry, and Manufacture of Nitrous 
Oxide. Nitrous Oxide Analgesia. MAC. Nitrous Oxide 
Delivery Systems. Pharmacokinetics. Respiratory Effects 
of Nitrous Oxide. Cardiovascular Effects of Nitrous Oxide. 
Central Nervous System Effects of Nitrous Oxide. Neu- 
romuscular Effects of Nitrous Oxide. Nitrous Oxide in 
Obstetrics. Metabolism of Nitrous Oxide. Nitrous Oxide 
Inactivates Methionine Synthetase. Mutagenicity, Car- 
cinogenicity, and Teratogenicity of Nitrous Oxide. Nitrous 
Oxide Abuse. Toxicity of Nitrous Oxide. The Use of Nitrous 
Oxide by Dentists. Nitrous Oxide in Veterinary Practice 
and Animal Research. Controlling Occupational Exposure 
to Nitrous Oxide. Should We Not Use Nitrous Oxide. We 
Should Continue to Use Nitrous Oxide. Epilogue Index. 


1984 416pages 0-444-00860-8 cloth $37.50 


{Distributed outside the U SA and Canada by Eqward Amoid Ltd . London.) 


ELSEVIER 


Note: Price subject to change without notice. 


In NY State please add applicable sales tax. EB 248 





Classified Advertising 





PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 








MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 








ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a Career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 








ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, PO 
Box 5719, Santa Fe, NM 87501. (505) 983- 
Toe bi 








800-FAST GAS: WORLDWIDE ANESTHESIA 

Have you got knocks and pings in your 
Anesthesia Department? Whether it’s a short 
or long-term staff shortage . . . we've got 
quality MDs and CRNAs to get your pro- 
gram running smoothly! 1-800-327-8427 
Worldwide Anesthesia, John Paju, President. 








PRIVATE TUTORING AVAILABLE FOR 
WRITTEN AND ORAL BOARD EXAMS 
Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 








TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Palm 
Springs. Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117 or 
reply to Box K23, % Anesthesia and Analgesia, 
Desk Editorial, 52 Vanderbilt Avenue, New 
York, NY 10017. Include phone number in 
response. 





ACADEMIC ANESTHESIOLOGIST 

University Department of Anesthesiology 
seeking additional faculty with outstanding 
qualifications in clinical care, teaching, and 


research. All major clinical disciplines rep- 
resented. Required is a 4-yr educational 
continuum or its equivalent, including 
training in a clinical specialty or in research. 
Faculty rank and salary commensurate with 
training and experience. Excellent oppor- 
tunity for professional development, with 
facilities for independent or collaborative 
research. Send curriculum vitae to Ronald 
A. Gabel, MD, Professor and Chairman, De- 
partment of Anesthesiology, University of 
Rochester, Medical Center, Rochester, NY 
14642. The University of Rochester is an equal 
opportunity employer. 








IV INFUSION DOSES WHEN YOU NEED THEM! 
Handy pocket chart provides preparation 
and drip rates for 15 vasoactive and anes- 
thetic drugs in a trim, durable format. Send 
$3.50 and self-addressed envelope to Heart- 
card Productions, 10849 Deborah Drive, Po- 
tomac, MD 20854. 





BC/BE ANESTHESIOLOGIST WITH OB 

ANESTHESIA FELLOWSHIP TRAINING 

For director of OB anesthesia service for 
large, active Midwestern teaching hospital. 
Send CV and three references to Box P32, 
% Anesthesia and Analgesia, Desk Editorial, 
52 Vanderbilt Avenue, New York, NY 10017. 








FREELANCE ANESTHETISTS 

Temporary & Permanent—Medical Anes- 
thesiologists—CRNA’s. Home-based 
throughout US. If you need an anesthetist 
call 1-800-521-6750. ALL-STATES MEDI- 
CAL PLACEMENT AGENCY, Box 91, 
LaSalle, MI 48145 or 313-241-1418 (MI). 








ANESTHESIOLOGIST 

We specialize in the recruitment and place- 
ment of anesthesia personnel for perma- 
nent and temporary positions throughout 
the US. American Anesthesia Recruiters, 221 
E. Camelback, Suite 1, Phoenix, AZ 85012. 
Phone # (602) 978-4306. 








NORTH CAROLINA 

Temporary and permanent BE/BC anesthe- 
siologists needed to join fee-for-service group 
in small community in heart of Blue Ridge 
Mountains. Salary first year. Send inquiries 
and CV to Watauga Anesthesia Associates, 
PA, 301 Birch Street, Boone, NC 28607. 








MASSACHUSETTS—ANESTHESIOLOGIST 

Board eligible or board certified to join our 
MD/CRNA group at this Harvard-affiliated 
hospital. Pediatric experience is preferred. 
Please include your CV with reply to Dr. 
Porter H. Smith, Chief of Anesthesiology, 


Massachusetts Eye and Ear Infirmary, 243 
Charles Street, Boston, MA 02114. An equal 
opportunity employer. 








MICHIGAN 

Energetic and personable BC/BE anesthe- 
siologist needed to join six other anesthe- 
siologists in a fee-for-service private prac- 
tice. 400+ bed general hospital. All 
specialities with the exception of open heart. 
Send CV to Box S42, % Anesthesia and An- 
algesia, Desk Editorial, Elsevier Science Pub- 
lishing Company, 52 Vanderbilt Avenue, 
New York, NY 10017. 








ANESTHESIOLOGISTS NEEDED 

at assistant and associate professor levels. 
Most be board certified. Duties include pa- 
tient care, resident and medical student 
teaching, and research. Positions available 
at the University of Missouri Health Sci- 
ences Center. Interested applicants send a 
curriculum vitae to G.W.N. Eggers Jr, MD, 
Professor and Chairman, Department of 
Anesthesiology, University of Missouri-Co- 
lumbia Health Services Center, Columbia, 
MO 65212. 








ANESTHESIOLOGY UPDATE IN ENGLAND 
September 16-26, 1986. London meeting and 
luxury countryside tour. CME accredita- 
tion. Contact Francine Leinhardt, Manhat- 
tan Eye, Ear & Throat Hospital, 210 East 
64th Street, New York, NY 10021. (212) 838- 
9200 ext 2776. 








DIRECTOR OF OBSTETRICAL ANESTHESIA 
Northwestern University Medical Center has 
initiated a search for a Director of Obstet- 
rical Anesthesia. Candidates must qualify 
for faculty appointment at Northwestern 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other events. 
Display space (minimum ' page) is also avail- 
able through Pharmaceutical Media, Inc. Rates 
for classified advertising: $1.00 per word, min- 
imum twenty words. Additional fee of $12.00 
for box number ads. Copy deadline 7 weeks 
prior to publication, e.g., for the March issue, 
copy should be received by the Ist of January. 
Full payment or institutional purchase order 
must accompany the copy for each ad. Ads 
received without a check or purchase order will 
be returned. Ad copy, subject to acceptance by 
publisher, should be typed double-spaced and 
mailed in duplicate to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
lishing Co, Inc. 





University Medical School and have exten- 
sive clinical experience. Obstetrical case load 
is about 5000 cases per year with in-house 
coverage. The service supports a strong 
teaching program, which draws trainees 
from three residency programs. The envi- 
ronment allows for joint research with an 
active Department of Obstetrics and a well- 
regarded Center of Clinical Pharmacology. 
Equal opportunity employer. Send curric- 
ulum vitae and names of three references 
to Edward A. Brunner, MD, PhD, Professor 
and Chairman, Department of Anesthesia, 
Northwestern University Medical School, 
303 East Superior Street, Room 360, Chi- 
cago, IL 60611. 


NORTHWESTERN UNIVERSITY MEDICAL 
CENTER 

is recruiting young faculty interested in de- 
veloping an academic career in Anesthesia. 
Candidates must have completed at least 
four years of post graduate training and be 
Board certified or in the process of certifi- 
cation. Evidence of scholarly productivity 
will be considered in making final selec- 
tions. A strong residency program with fel- 
lowships in all clinical subspecialties makes 
this faculty position desirable. Candidates 
with qualifications in neurosurgical or ob- 
stetrical anesthesia will be given preference. 
Equal opportunity employer. Send curric- 
ulum vitae and names of three references 
to Edward A Brunner, MD, PhD, Professor 
and Chairman, Department of Anesthesia, 
Northwestern University Medical School, 
303 East Superior Street, Room 360, Chi- 
cago, IL 60611. 


ANESTHESIOLOGIST: NORTHERN WEST 
VIRGINIA 

BC or in process, to join three anesthesiol- 
ogists and ten CRNAs at 325 bed, 8000 + 
procedure, rural referral center. Surround- 
ing area ideal for family with outdoor in- 
terests. Busy vascular and OP. No open 
heart. Reply to Box R4, % Anesthesia and 
Analgesia, Desk Editorial, Elsevier Science 
Publishing Company, 52 Vanderbilt Ave- 
nue, New York, NY 10017. 


POSITION WANTED 

BE anesthesiologist, 2 years experience, 
wishes to relocate. Private practice or su- 
pervision. Reply to Box T44, % Anesthesia 
and Analgesia, Desk Editorial, Elsevier Sci- 
ence Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 


POSITION WANTED 

Mature woman desires independent prac- 
tice opportunity. Will share call and even 
billing expenses. Perfect for someone who 
needs help but does not want a partner. BE, 
excellent references. Reply to Box T45, % 
Anesthesia and Analgesia, Desk Editorial, El- 
sevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 


SOUTHWESTERN PA ANESTHESIOLOGIST 
BE/BC to join group. All types of surgery 
except open heart. Opening immediately. 
Excellent compensation and future for right 
person. Response confidential. Pittsburgh 
area. Submit CV to Box L26, % Anesthesia 
and Analgesia, Desk Editorial, Elsevier Sci- 
ence Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 


NEUROANESTHESIA DIRECTOR 

The Department of Anesthesiology, Co- 
lumbia Presbyterian Medical Center, seeks 
a Director of Neuroanesthesia. Anesthesia 
services are provided for 1700 neurosurgical 
operations yearly. The candidate must be 
experienced in clinical neuroanesthesia and 
be able to organize and direct clinical or 
basic research in the neurosciences. Qual- 
ifications should be consistent with ap- 
pointment to at least the Associate Profes- 
sor level. Board certification required. A new 
replacement hospital is under construction 
with completion scheduled for 1988. Send 
CV to Peter Rothstein, MD, Neuroanesthesia 
Search Committee, BH Box 62, 622 W. 168th 
Street, New York, NY 10032. Columbia Uni- 
versity takes affirmative action to ensure 
equal opportunity. 


ANESTHESIOLOGIST 

Need help to Start your own FEE-FOR-SER- 
VICE anesthesia practice? We provide a 
complete turnkey solution, including fea- 
sibility study; contract negotiations; finan- 
cial projections; loan application; personnel 
and office procedure manuals; billing sys- 
tems to maintain high collection rates; in- 
surance claim filing; accounting and tax re- 
cord keeping system. Fulfill your ambition. 
Call Southern Medical Management, Inc. 
1-800-AMBITION (262-4846). 


LOUISIANA 

Licensed recently trained Anesthesiologist 
needed soon to practice with MD and CRNAs 
in 120-bed hospital in suburban New Or- 
leans. Competitive salary and benefits. Send 
CV to Laplace Anesthesia, PO Box 269, La- 
place, LA 70069. 


ANESTHESIOLOGY CHIEF 

to head staff of six, anesthesiologists and 
CRNAs, serving 120-member multispe- 
cialty group practice. Hospital affiliated with 
University of Washington, but academic ap- 
pointment not required. Board certification 
preferred. Inpatient and day surgery, no 
OB. Salary and benefits commensurate with 
experience. Reply to Bruce Culver, MD, Pa- 
cific Medical Center, 1200 12th Ave. S., Se- 
attle, WA 98144. 


DETROIT, MICHIGAN: 8th ANNUAL ANES- 
THESIA SEMINAR 

“Symposium of Anesthesia—Topics and 
Trends” Saturday, June 14, 1986, Mt. Car- 
mel Mercy Hospital, 6071 W. Outer Drive, 
Detroit, Michigan 48235. CRNAs, $35.00; 
MDAs, $40.00; Students, $7.50. Contact 
Carol Golen, Dept. of Anesthesia, (313) 927- 
7000. 








aran 
ANESTHESIOLOGIST 


Excellent opportunity to join 193 
physician multi-specialty group 
with adjacent 447-bed hospital. 
New clinic building recently com- 
pleted. The Gundersen Clinic is 
located in a progressive communi- 
ty of 50,000 with expanding univer- 
sity and private college. Cultural 
and recreation facilities. Beautiful 
setting; good schools. Excellent 
pension program, no investment 
required. Service organization. 
Write: 


Bruce A. Polender, M.D. 
Chairman Personnel Committee 





Gundersen Clinic, Ltd. 


1836 South Avenue 
La Crosse, Wisconsin 54601 


An Equal Opportunity Employer 





CBE STYLE MANUAL 
Fifth Edition 


A guide for Authors, Editors, and Publishers in 
the Biological Sciences 

Widely accepted and recommended as the 
standard reference for journals and books in the 
biological sciences 





Special features of this newly updated and greatly expanded edition include: 


e four new chapters; e complete revision of the section 

è reorganization of the ‘Manuscript on ‘‘Plant Sciences’’; 
Preparation’ section for easier e cross-listing of ‘‘Abbreviations 
reference; and Symbols’’; 

è new conventions in the chapter on 
“Style in Special Fields’’; and much more... 


CONTENTS: Ethical conduct in authorship and publication ¢ Planning the 
communication * Writing the article ¢ Prose style for scientific writing ® 
References @ Illustrative materials ° Editorial review of manuscripts ® 
Application of copyright law © Manuscript into print ° Proof correction ® 
Indexing ® General style conventions ® Style in special fields © Abbreviations 
and symbols * Word usage ® Secondary services for literature searching ® 
Useful references with annotations ® Subject index 


ISBN: 0-914340-04-2: clothbound; publication date: September 1983; trim 
size 6 x 9 inches; 324 pages 


Regular Price: $24.00 (10% discount on 10 or more copies delivered to one 
address) 
CBE Member Price: $21.50 (single copy paid by personal check) 


Terms of Sale: All sales final; no returns. 
Prepayment required; U.S. currency drawn on a U.S. bank. 
Price includes BOOK RATE postage. 
For faster delivery--first class, air mail, or UPS available at additional 
charge (book weight | Ib 9 02). 
Maryland residents, please add 5% sales tax. 


Mail your order with payment to: 
COUNCIL OF BIOLOGY EDITORS, INC. 
9650 Rockville Pike, Bethesda, MD 20814 


FLYING EYE HOSPITAL 
SEEKS 
ANESTHESIOLOGIST 


Project ORBIS, an international program in continuing medical educa- 
tion for ophthalmology, housed in a converted DC-8 jet, is seeking 
applicants for an anesthesiologist. Positions are available immediately, 
and for 1987. We are asking for a commitment of six months to one 
year. 

Since its beginning in March of 1982, ORBIS has had over 50 teaching 
missions in 40 countries in Latin America, Europe, Asia (including 
China), the Middle East and Africa. 


The ORBIS aircraft has been ingeniously converted to include: an 
ultramodern operating suite containing an operating microscope for 
microsurgery, 15 TV cameras, including one attached to the operating 
microscope, an elaborate audio-visual control studio, and 18-seat 
classroom containing TV monitors for live, color transmission of the 
surgery, and headsets for two-way voice contact with the surgeons, 


and an examination/treatment area featuring laser technology. 


A not-for-profit organization, ORBIS has already treated thousands of 
cases of blindness and other serious eye ailments. Thousands of local 
doctors in the countries visited have been trained in the latest surgical 
skills. AS a result, tens of thousands of additional patients will benefit 
from ORBIS'’ tours. 


Candidates should have experience in foreign travel; foreign language 
ability is desirable; outstanding recommendations from program chair- 
man are mandatory; and compatability and willingness to work hard 
with a team are chief requirements. Moreover, candidates should have 
interest in ophthalmic anesthesia and its instruction. They should be by 
nature skillful and diplomatic. Please send resumes to: 


Toysa True, R.N., C.N.A. 
Nurse Administrator 
Project ORBIS, Inc. 

330 West 42nd Street 
New York, New York 10036. 























ANESTHESIOLOGISTS 


The Fox Chase Cancer Center is recruiting 
2 individuals in anesthesiology. Candidates 
should be board certified in anesthesia: 1 
candidate with special training in critical 
care and 1 candidate with special training in 
pain management. Successful candidates 
will have the responsibilities in operating 
room anesthesia as well as developing their 
subspecialty interests. Individuals will be 
supervising residents and nurse anesthe- 
tists. Candidates will be eligible for univer- 
sity faculty appointments. Contact: 


James L. Weese, MD 
Chairman 

Department of Surgery 
c/o Personnel Department 





FOX CHASE 
CANCER CENTER 








7701 Burholme Avenue 
Philadelphia, PA 19111 


Equal Opportunity Employer M/F 
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Setting the standard 
in hypoxemia monitoring. 


The Nelicor: 
N-100 pulse oximeter. 


Now, for 
patient safety 
in all cases... a) oliver namerna 
all the time. on 

Leading Clinicians N Use 
in major medical case ae 
centers use the 
Nellcor N-100 De g ae 
pulse oximeter. Set 

Over thirty-five 
published papers” 
document the 

need for this monitor. 

By continuously monitoring 
arterial oxygen levels, the Nellcor 
N-100 can detect patient hypox- 
emia before it results in adverse 
outcome. 

With each heartbeat, there is 
real-time, non-invasive measure- 
ment of arterial oxygen saturation, 
pulse rate, and pulse amplitude... 

Information that is critical to 
your patient's well-being. 
Variable beep plus 
an alarm system for early 
warning and instant detection. 


The unique variable beep warns 
instantly if the patient's oxygen level 
changes. So corrective action can 
be taken immediately... before 
complications develop. 

Plus, audible and visual alarms 
alert if saturation or pulse rate fall 
outside preset limits. 

An unprecedented safety net. 






/ 











A complete 
family of 
sensors for 

a wide range 
of non-invasive 
oxygen mon- 
itoring needs. 


You can choose 
sensors in differ- 
ent sizes and 
configurations to 
monitor all 
patients — from 
neonates to adults. 

Even in difficult cases such as 
low peripheral perfusion, active 
patients, and long-term care. 


Easy to use. 


Apply the sensor, switch on the 
monitor, and read the results. 

There's no site preparation, 
no heater, and no need to move 
the sensor frequently. 


For more information, write or call 
Nellcor toll-free at 800 433-1244. 
(In California, 800 351-9754) 

The Nellcor N-100 pulse 
oximeter. Setting the standard in 
hypoxemia monitoring. 


NELLCOR” 


Nellcor Incorporated 
25495 Whitesell Street 
Hayward, California 94545 
415 887-5858 

Telex 172 428 


* Bibliography on file at Nellcor Incorporated 


Nellicor is a registered trademark of Nelicor 
Incorporated. 
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This Publication 
is available in 


Microform. 








University Microfilms 
International 


Please send additional information 


for 





(name of publication) 


Name 

| ee a 
a 
City 

State Zp 


300 North Zeeb Road 
Dept. P.R. 
Ann Arbor, Mi. 48106 


PAVULON" 
(pancuronium bromide, injection ) 


BRIEF SUMMARY 
(Please consult package insert for full prescribing information.| 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS 
FAMILIAR WITH ITS ACTIONS, CHARACTERISTICS. AND HAZARDS 


ACTIONS: Pavulon is a non-depclarizing neuromuscular blocking agent possessing all of the 
characteristic pharmacological actions of this class of drugs (curariform) on the myoneural 
junction 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, anticholinesterases, and 
potassium ion Its action is increased by inhalational anesthetics such as halothane. diethyl ether. 
enflurane and methoxyflurane, as well as quinine, magnesium salts, hypokalemia. some carcin- 
omas, and certain antibiotics such as neomycin, streptomycin. clindamycin, kanamycin. gentami- 
cin and bacitracin. The action of Pavulon may be altered by dehydration, electrolyte imbalance 
acid-base imbalance. renal disease, and concomitant administration of other neuromuscular 
agents 


CONTRAINDICATIONS: Pavulon is contraindicated in patients known to be hypersensitive to the 
drug or to the bromide ion 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS. WHO ARE FAMILIAR WITH ITS ACTIONS 
AND THE POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG 
SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION. ARTIFICIAL RESPIRATION 
OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE THE CLINICIAN MUST 
BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

In patients who are known to have myasthenia gravis small doses of Pavulon may have 
profound effects. A peripheral nerve stimulator is especially valuable in assessing the effects of 
Pavulon in such patients 


USAGE IN PREGNANCY: The sate use of pancuronium bromide has not been established with respect 
to the possible adverse effects upon fetal development. Therefore, it should not be used in women 
of childbearing potential and particularly during early pregnancy unless in the judgment of the 
physician the potential benefits outweigh the unknown hazards 

Pavulon may be used in operative obstetrics (Cesarean section). but reversal of pancuronium 
may be unsatisfactory in patients receiving magnesium sulfate for toxemia of pregnancy. because 
magnesium salts enhance neuromuscular blockade Dosage should usually be reduced. as 
indicated, in such cases 


PRECAUTIONS: Although Pavulon has been used successtully in many patients with pre-existing 
pulmonary, hepatic, or renal disease, caution should be exercised in these situations This is 
particularly true of renal disease since a major portion of administered Pavulon is excreted 
unchanged in the urine 


ADVERSE REACTIONS: Neuromuscular the most frequently noted adverse reactions consist pri 
marily of an extension of the drug's pharmacological actions beyond the time period needed for 
surgery and anesthesia. This may vary from skeletal muscle weakness to profound and prolonged 
skeletal muscle relaxation resulting in respiratory insufficiency or apnea. Inadequate reversal of 
the neuromuscular blockade by anticholinesterase agents has also been observed with Pavulon 
(pancuronium bromide) as with all curariform drugs. These adverse reactions are managed by 
manual or mechanical ventilation until recovery is judged adequate 

Cardiovascular: A slight increase in pulse rate is frequently noted 

Gastrointestinal: Salivation is sometimes noted during very light anesthesia. especially if no 
anticholinergic premedication is used 

Skin: An occasional transient rash is noted accompanying the use of Pavulon 

Respiratory One case of wheezing, responding to deepening of the inhalational anesthetic. has 
been reported 


DRUG INTERACTION: The intensity of blockade and duration of action of Pavulon is increased in 
patients receiving potent volatile inhalational anesthetics such as halothane. diethyl ether, 
enflurane and methoxyflurane 

Prior administration of succinylcholine. such as that used for endotracheal intubation. 
enhances the relaxant effect of Pavulon and the duration of action. If succinylcholine is used 
before Pavulon, the administration of Pavulon should be delayed until the succinylcholine shows 
signs of wearing off 


DOSAGE AND ADMINISTRATION: Pavulon should be administered only by or under the supervision of 
experienced clinicians. DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE See package insert for 
Suggested dosages 
CAUTION: Federal law prohibits dispensing without prescription 
HOW SUPPLIED: 

2 ml ampuls—2 mg/ml —boxes of 25, NDC +0052-0444-26 

5 mi. ampuls—2 mg./mi —boxes of 25, NDC +0052-0444-25 

10 mi. vials—1 mg./m! —boxes of 25, NDC #0052-0443-25 


Organon Pharmaceuticals 
Organon) A Division of Organon Inc. 
West Orange, N.J. 07052 


Because the | 
longer procedure raises 


the surgical risk... 
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HAV U ION 


(oancuronium bromide injection) 


Your best choice for 60-plus minutes of dependable relaxation... 
in every type of patient 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


Please see preceding page for brief summary of prescribing information. 


The Procedure: 


Administration of Parenteral 
Solutions ina Sterile 
Environment 


The Problem: 
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PAVULON” 
(pancuronium bromide, injection) 


BRIEF SUMMARY 
(Please consult package insert for full prescribing information. | 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS 

FAMILIAR WITH ITS ACTIONS, CHARACTERISTICS, AND HAZARDS 
ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent possessing all of the 
characteristic pharmacological actions of this class of drugs (curariform) on the myoneural 
juncticn 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, anticholinesterases, and 
potassium ion. Its action is increased by inhalational anesthetics such as halothane, diethyl ether 
enflurene and methoxyflurane, as well as quinine, magnesium salts, hypokalemia, some carcin- 
omas, and certain antibiotics such as neomycin. streptomycin, clindamycin, kanamycin, gentami- 
cin and bacitracin. The action of Pavulon may be altered by dehydration, electrolyte imbalance. 
acid-base imbalance, renal disease, and concomitant administration of other neuromuscular 
agents 
CONTRAINDICATIONS: Pavulon is contraindicated in patients known to be hypersensitive to the 
drug or to the bromide ion 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDEF THE SUPERVISION OF EXPERIENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS ACTIONS 
AND THE POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG 
SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION. 
OXYGEN THERAPY. AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE THE CLINICIAN MUST 
BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

In patients who are known to have myasthenia gravis small doses of Pavulon may have 
profound effects. A peripheral nerve stimulator ıs especially valuable in assessing the effects of 
Pavulcn in such patients 


USAGE IN PREGNANCY: The safe use of pancuronium bromice has not been established with respect 
to the possible adverse effects upon fetal development. Therefore, it should not be used in women 
of childbearing potential and particularly during early pregnancy unless in the judgment of the 
physiaan the potential benefits outweigh the unknown hazards 

Pavulon may be used in operative obstetrics (Cesarean section). but reversal of pancuronium 
may b2 unsatisfactory in patients receiving magnesium sulfate for toxemia of pregnancy, because 
magnesium salts enhance neuromuscular blockade Dosage should usually be reduced. as 
indicated, in such cases 


PRECAUTIONS: Although Pavulon has been used successfully in many patients with pre-existing 
pulmonary, hepatic, or renal disease, caution should be exercised in these situations. This is 
particularly true of renal disease since a major portion of administered Pavulon is excreted 
unchanged in the urine 


ADVERSE REACTIONS: Neuromuscular. the most frequently noted adverse reactions consist pri- 
marily of an extension of the drug's pharmacological actions beyond the time period needed for 
Surgery and anesthesia. This may vary from skeletal muscle weakness to profound and prolonged 
skeletal muscle relaxation resulting in respiratory insufficiency or apnea. Inadequate reversal of 
the neuromuscular blockade by anticholinesterase agents has also been observed with Pavulon 
(pancuronium bromide) as with all curariform drugs. These adverse reactions are managed by 
manual or mechanical ventilation until recovery is judged adequate 

Cardiovascular: A slight increase in pulse rate is frequently noted 

Gastrointestinal: Salivation is sometimes noted during very light anesthesia. especially if no 
anticholinergic premedication is used 

Skin: An occasional transient rash is noted accompanying the use of Pavulon 

Respiratory. One case of wheezing, responding to deepening of the inhalational anesthetic, has 
been reported 


DRUG 'NTERACTION: The intensity of blockade and duration of action of Pavulon is increased in 
patients receiving potent volatile inhalational anesthetics such as halothane, diethyl ether, 
entlurane and methoxyflurane 

Prior administration of succinylcholine, such as that used for endotracheal intubation. 
enhances the relaxant effect of Pavulon and the duration of action. If succinylcholine is used 
before Pavulon, the administration of Pavulon should be delayed until the succinylcholine shows 
signs of wearing off 
DOSAGE AND ADMINISTRATION: Pavulon should be administered only by or under the supervision of 
experienced clinicians. DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE. See package insert tor 
Suggested dosages 
CAUTION: Federal law prohibits dispensing without prescription 
HOW SUPPLIED: 

2 mi. ampuls—2 mg./ml.—boxes of 25, NDC #0052-0444-26 

5 ml. ampuls—2 mg./ml.—boxes of 25, NDC #0052-0444-25 

10 mi. vials—1 mg./ml.—boxes of 25, NDC #0052-0443-25 


Organon Pharmaceuticals 
Organon) A Division of Organon Inc. 
West Orange, N.J. 07052 
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More and more geriatric patients are coming into 
the operating room. Anaesthesia in the Elderly 
addresses the many problems that an anesthe- 
siologist needs to understand for the safe and 
practical management of these patients. 


This book focuses on the medical and surgical 
problems associated with the elderly, and discusses 
management from a variety of viewpoints, includ- 
ing assessment, anesthetic administration, and 
post-operative care. 


Additional topics include: common operation anes- 
thesia, apparatus, monitoring and drugs. diagnostic 
and therapeutic procedures, and resuscitation. 


To receive a copy of this vital guide to geriatric 
patient management, contact your local bookseller 
or order directly from Elsevier at the address below. 


1986 195 pages 0-444-01047-5 paper $19.50 
(Available outside North America from 
William Heinemann Medical Books, U.K.) 
Note: Price subject to change without notice. 


Please allow 6-8 weeks for delivery. 
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in North America: 
Elsevier Science Publishing Company. Inc. 


P.O. Box 1663, Grand Central Station 
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LESS BARBITURATE, BETTER STABILITY 


A PRACTICAL ANESTHESIA UPDATE 
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WITH LOW-DOSE SUFENTA 


SAN FRANCISCO: Low doses 
of SUFENTA® (sufentanil 


citrate) Injection €, given prior 


to thiopental as an adjunct to 
induction, improved hemo- 
dynamic stability and reduced 
barbiturate requirements, 
according to a study presented 


here at the 1985 Annual Meeting 


of the A.S.A. Ina group of 30 


Better Hemodynamic Control 


Systolic Blood 
Pressure (mm Hg) 


Heart Rate (BPM) 


Rate-Pressure 
Product (x 100) 


- 
- 
- 
ao? 


CTRL Pre- In- l 3 
Int tub Min Min 


eee Thiopental, 10 patients 
eeeee SUFENTA 0.5 ug/kg 
+ thiopental, 10 patients 


===- SUFENTA 1.0 pg/kg 
+ thiopental, 10 patients 


(Abstracted from Brizgys, Morales and 
Owens, Anesthesiology 1985; 63:A377) 











adult patients who underwent 
surgery of 25 min. to 8.5 hr. 
duration, thiopental was used 
for induction, either alone 

or combined with SUFENTA. j IA 
SUFENTA (0.5 or 1.0 ng/kg) / 

reduced thiopental requirements “i 
by 50% to 68%, respectively, 

and the hemodynamic response ° 

to laryngoscopy and intubation m 
was attenuated, as measured 

by systolic pressure, heart rate 
and rate-pressure product. Brady- 
cardia, truncal rigidity and 

recall were not observed. 


Experience With 93 Patients Generates 
“Thumbnail” Dosage Guidelines 


Clinical experience with 
SUFENTA in general surgery 
revealed that total dosage 
requirements averaged about 

I pg/kg/hour or less, in surgery 
up to 8 hours. 











was given in incremental main- 
tenance doses as needed. 






The induction dose of 
SUFENTA administered prior 
to intubation reduces hyperten- 
sion and tachycardia. 








In the same patients the induc- 
tion dose averaged about 75% 
of total dose. The remainder 


In every case, however, dosage 
should be titrated to individual 
patient needs. 











NOW SHOWING: 
AN INFORMATIVE 22-MINUTE FILM 


Benjamin J. Kripke, MD, and 
Edson O. Parker III, MD, are 
featured in the medical film 
“SUFENTA: A Practical 
Guide for General Surgical 
Procedures.” The anesthesiolo- 
gists demonstrate, through 
actual hands-on experience, 





how careful dosage planning 
provides maximal hemo- 
dynamic stability throughout 
the entire procedure. To 
arrange a viewing of this film, 
please contact your local 
Janssen Representative. 


© Janssen Pharmaceutica Inc. 1986 JPI-652 
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Please see full Prescribing Information, 





Adult Dosage Recommendations: A Summary including dosage, on next page. 




















General Surgical Procedures Major Surgical Procedures 
Types of Total vaginal hysterectomy, gall bladder Major orthopedic surgery, carotid 














Procedures endarterectomy, nephrectomy, major 


abdominal surgery (e.g., colectomy) 


surgery, bilateral inguinal hernia repair, 
open reduction of fractures 









| to 5 pg/kg (1.4 to 7 ml for a 70 kg 
patient), administered with N,O/O, , 

endotracheal intubation and mechanical 
ventilation 







l to 1.5 pg/kg (1.4 to 2.1 ml for a 70 kg 
patient), administered with N,O/O,, 

endotracheal intubation and mechanical 
ventilation 


10 to 25 yg (0.2 to 0.5 ml) based upon 10 to 25 ug (0.2 to 0.5 ml) based upon 
changes in clinical signs and patient’s changes in clinical signs and 
response to initial dose patient’s response to initial dose 


Recommended 
Induction 
Dose 











Recommended 
Maintenance 
Dose 




















For cases lasting 8 hours, would not be 
expected to exceed 8 „g/kg (11.2 ml for 
a 70 kg patient) when used with N,O/O, 


For cases lasting 2 hours, would not 
be expected to exceed 2 ng/kg (2.8 ml for 
a 70 kg patient) when used with N,O/O, 


/  SUFENTA N 


BRIEFCASE / SUFENTA 


Putting SUFENTA a : i 
i (sufentanil citrate) O 


to Work in 
Your Practice 

— Available in 1 ml, 2 ml, 5 ml ampoules; 
In actual clinical practice, when boxes of ten. 
used in balanced general anesthe- 
sia, SUFENTA is about 10 times 
as potent as fentanyl. Thus, | ml 
SUFENTA (50 pg/ml) is equiva- 
lent to 10 ml fentanyl (50 pg/ml). 














Because of this potency differ- 
ence, less volume of drug is 
needed, making it especially con- 
venient for use in cardiovascular 
surgery and longer procedures. 
For accurate dosage calibration in 
shorter procedures, a tuberculin 
syringe, a 2 ml insulin syringe or 
dilution may be helpful. 













In a laboratory study, SUFENTA world leader 

has been found to be compatible | Fer surest re Tray 
and stable in solution with 5 % A BN Noi 
glucose in water, 5% glucose in IGJ] PHARMACEUTICA 
normal saline, lactated Ringer’s — aes 
solution and normal saline (tested 
in plastic containers refrigerated 
at 4°-8°C for 24 hours followed 
by 48 hours at room temperature). 
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SUFENTA (ctertanictrate injection @ 


CAUTION: Federal Law Prohibits Dispensing Without Prescription. 

DESCRIPTION: SUFENTA (sufentanil citrate) is a potent opioid analgesic chemically designated as N-{-4-(methoxy- 
methyl)-1-[2-(2-thienyl)ethyl]-4-piperidinyl]-N-phenylpropanamide 2-hydroxy-1,2,3-propanetricarboxylate (1:1) 
SUFENTA is a Sterile, preservative free, aqueous solution containing sufentanil citrate equivalent to 50 ug per mi of 
sufentanil base for intravenous injection. The solution has a pH range of 3.5-6.0. 

CLINICAL PHARMACOLOGY: SUFENTA is an opioid analgesic. When used in balanced general anesthesia, SUFENTA 
has been reported to be as much as 10 times as potent as fentanyl. When administered as a primary anesthetic agent 
with 100% oxygen, SUFENTA is approximately 5 to 7 times as potent as fentanyl. (See dosage chart for more complete 
information on the use of SUFENTA.) At doses of up to 8 pg/kg, SUFENTA provides profound analgesia; at doses 
>8 g/kg, SUFENTA produces a deep level of anesthesia. SUFENTA produces a dose related attenuation of catechol- 
amine release, particularly norepinephrine 

The pharmacokinetics of SUFENTA can be described as a three-compartment model, with a distribution time of 1.4 
minutes, redistribution of 17.1 minutes and an elimination half-life of 164 minutes. The liver and small intestine are 
the major sites of biotransformation. Approximately 80% of the administered dose is excreted within 24 hours and 
only 2% of the dose is eliminated as unchanged drug. Plasma protein binding of SUFENTA is appruximately 92.5%. 
SUFENTA has an immediate onset of action, with relatively limited accumulation. Rapid elimination from tissue 
storage sites allows for relatively more rapid recovery as compared with equipotent dosages of fentanyl. At dosages 
of SUFENTA of 1-2 pg/kg, recovery times are comparable to those observed with fentanyl; at dosages of >2-6 g/kg, 
recovery times are comparable to enflurane, isoflurane and fentanyl. Within the anesthetic dosage range of 8-30 
ug/kg of SUFENTA, recovery times are more rapid compared to equipotent fentany! dosages. 

At dosages of >8 pg/kg, SUFENTA produces hypnosis and anesthesia without the use of additional anesthetic agents. 
A deep level of anesthesia is maintained at these dosages, as demonstrated by EEG patterns. Dosages of up to 
25 g/kg attenuate the sympathetic response to surgical stress. The catecholamine response, particularly norepine- 
phrine, is further attenuated at doses of SUFENTA of 25-30 pg/kg, with hemodynamic stability and preservation of 
favorable myocardial oxygen balance. 

The vagolytic effects of pancuronium may produce a dose dependent elevation in heart rate during SUFENTA-oxygen 
anesthesia. The vagolytic effect of pancuronium may be reduced in patients administered nitrous oxide with SUFENTA. 
The use of moderate doses of pancuronium or of a less vagolytic neuromuscular blocking agent may be used to 
maintain a stable lower heart rate and blood pressure during SUFENTA-oxygen anesthesia. 

Preliminary data suggest that in patients administered high doses of SUFENTA, initial dosage requirements for neuro- 
muscular blocking agents are generally lower as compared to patients given fentanyl or halothane, and comparable to 
patients given enflurane. 

Bradycardia is infrequently seen in patients administered SUFENTA-oxygen anesthesia. The use of nitrous oxide with 
high doses of SUFENTA may decrease mean arterial pressure, heart rate and cardiac output. 

Assays of histamine in patients administered SUFENTA have shown no elevation in plasma histamine levels anc no 
indication of histamine release. 

SUFENTA at 20 pg/kg has been shown to provide more adequate reduction in intracranial volume than equivalent 
doses of fentanyl, based upon requirements for furosemide and anesthesia supplementation in one study of patients 
undergoing craniotomy. During carotid endarterectomy, SUFENTA-nitrous oxide/oxygen produced reductions in cerebral 
blood flow comparable to those of enflurane-nitrous oxide/oxygen. During cardiovascular surgery, SUFENTA-oxygen 
produced EEG patterns similar to fentanyl-oxygen; these EEG changes were judged to be compatible with adequate 
general anesthesia. 

The intraoperative use of SUFENTA at anesthetic dosages maintains cardiac output, with a slight reduction in systemic 
vascular resistance during the initial postoperative period. The incidence of postoperative hypertension, need for 
vasoactive agents and requirements for postoperative analgesics are generally reduced in patients administered 
moderate or high doses of SUFENTA as compared to patients given inhalation agents. 

Skeletal muscle rigidity is related to the dose and speed of administration of SUFENTA. This muscular rigidity may 
occur unless preventative measures are taken (see Warnings). 

Decreased respiratory drive and increased airway resistance occur with SUFENTA. The duration and degree of 
respiratory depression are dose related when SUFENTA is used at sub-anesthetic dosages. At high doses, a pronounced 
decrease in pulmonary exchange and apnea may be produced. 

INDICATIONS AND USAGE: SUFENTA (sufentanil citrate)is indicated: 

as an analgesic adjunct in the maintenance of balanced general anesthesia. 

as a primary anesthetic agent for the induction and maintenance of anesthesia with 100% oxygen in patients under- 
going major surgical procedures, such as cardiovascular surgery or neurosurgical procedures in the sitting position, 
to provide favorable myocardial and cerebral oxygen balance or when extended postoperative ventilation is anticipated. 
SEE DOSAGE CHART FOR MORE COMPLETE INFORMATION ON THE USE OF SUFENTA. 

CONTRAINDICATIONS: SUFENTA is contraindicated in patients with known hypersensitivity to the drug 
WARNINGS: SUFENTA should be administered only by persons specifically trained in the use of intra- 
venous anesthetics and management of the respiratory effects of potent opioids. 

An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily available. 
SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence and severity of 
muscle rigidity is dose related. Administration of SUFENTA may produce muscular rigidity with a more rapid onset 
than that seen with fentanyl. SUFENTA may produce muscular rigidity that involves the skeletal muscles of the neck 
and extremities. The incidence can be reduced by: 1) administration of up to t/s of the full paralyzing dose of a non- 
depolarizing neuromuscular blocking agent just prior to administration of SUFENTA at dosages of up to 8 po/kg, 
2) administration of a full paralyzing dose of a neuromuscular blocking agent following loss of consciousness when 
SUFENTA is used in anesthetic dosages (above 8 pg/kg) titrated by slow intravenous infusion, or, 3) simultaneous 
administration of SUFENTA and a full paralyzing dose of a neuromuscular blocking agent when SUFENTA is used in 
rapidly administered anesthetic dosages (above 8 pg/kg). 

The neuromuscular blocking agent should be compatible with the patient's cardiovascular status. Adequate facilities 
should be available for postoperative monitoring and ventilation of patients administered SUFENTA. It is essential that 
these facilities be fully equipped to handle all degrees of respiratory depression. 

PRECAUTIONS: General: The initial dose of SUFENTA should be appropriately reduced in elderly and debilitated 
patients. The effect of the initial dose should be considered in determining supplemental doses. 

Vital signs should be monitored routinely. 

Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA (see CLINICAL 
PHARMACOLOGY). 

The hemodynamic effects of a particular muscle relaxant and the degree of skeletal muscle relaxation required should 
be considered in the selection of a neuromuscular blocking agent. 

High doses of pancuronium may produce increases in heart rate during SUFENTA-oxygen anesthesia Bradycardia has 
been reported infrequently with SUFENTA-oxygen anesthesia and has been responsive to atropine. 

Respiratory depression caused by opioid analgesics can be reversed by opioid antagonists such as naloxone. Because 
the duration of respiratory depression produced by SUFENTA may last longer than the duration of the opioid antagonist 
action, appropriate surveillance should be maintained. As with all potent opioids, profound analgesia is accompanied 
by respiratory depression and diminished sensitivity to CO, stimulation which may persist into or recur in the post- 
operative period. Appropriate postoperative monitoring should be employed to ensure that adequate spontaneous 
breathing is established and maintained prior to discharging the patient from the recovery area 

Interaction with Other Central Nervous System Depressants: Both the magnitude and duration of central nervous 
system and cardiovascular effects may be enhanced when SUFENTA is administered to patients receiving barbiturates, 
tranquilizers, other opioids, general anesthetics or other CNS depressants. In such cases of combined treatment, the 
dose of one or both agents should be reduced. 

Head Injuries: SUFENTA may obscure the clinical course of patients with head injuries. 

Impaired Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased respiratory 
reserve or potentially compro-mised respiration. in such patients, opioids may additionally decrease respiratory drive 
and increase airway resistance. During anesthesia, this can be managed by assisted or controlled respiration 
Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, SUFENTA should be administered 
with caution due to the importance of these organs in the metabolism and excretion of SUFENTA. 

Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of SUFENTA have been 
performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that single intravenous 
doses of SUFENTA as high as §0 pg/kg (approximately 2.5 times the upper human dose) produced no structural 
chromosome mutations. The Ames Salmonella typhimurium metabolic activating test also revealed no mutagenic 
activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits. 

Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when given in 
doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects were most probably 
due to maternal toxicity (decreased food consumption with increased mortality) following prolonged administration 
of the drug. 

No evidence of teratogenic effects have been observed after administration of SUFENTA in rats or rabbits. 

There are no adequate and well-controlled studies in pregnant women. SUFENTA should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 


Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery. Therefore, such 
use is not recommended. 

Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs are excreted 
in human milk, caution should be exercised when SUFENTA is administered to a nursing woman 

Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardiovascular 
surgery has been documented in a limited number of cases. 

Animal Toxicology: The intravenous LD., of SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.0 mg/kg in guinea 
pigs and 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of up to 2.5 times 
the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates due to decreased food 
consumption and anoxia, which preclude any meaningful interpretation of the results. 

ADVERSE REACTIONS: The most common adverse reactions of opioids are respiratory depression and skeletal 
muscle rigidity. See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of respiratory . 
depression and skeletal muscle rigidity. 

The most frequent adverse reactions in clinical trials involving 320 patients administered SUFENTA were: hypotension - 
(7%), hypertension (3%), chest wall rigidity (3%) and bradycardia (3%) 

Other adverse reactions with a reported incidence of less than 1% were: 

Cardiovascular: tachycardia, arrhythmia Dermatological: itching, erythema 

Gastrointestinal: nausea, vomiting Central Nervous System: chills 

Respiratory: apnea, postoperative respiratory Miscellaneous: intraoperative muscle movement 
depression, bronchospasm 

DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule II controlled drug substance that can 
produce drug dependence of the morphine type and therefore has the potential for being abused. 

OVERDOSAGE: Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA (see 
CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of overdosage with 
SUFENTA have been established during clinical trials. The intravenous LD<, of SUFENTA in male rats is 9.34 to 12.5 
mg/kg (see ANIMAL TOXICOLOGY for LD.,s in other species). Intravenous administration of an opioid antagonist such 
as naloxone should be employed as a specific antidote to manage respiratory depression. The duration of respiratory 
depression following overdosage with SUFENTA may be longer than the duration of action of the opioid antagonist. 
Administration of an opioid antagonist should not preclude more immediate countermeasures. In the event of over- 
dosage, oxygen should be administered and ventilation assisted or controlled as indicated for hypoventilation or apnea. 
A patent airway must be maintained, and a nasopharyngeal airway or endotracheal tube may be indicated. If depressed 
respiration is associated with muscular rigidity, a neuromuscular blocking agent may be required to facilitate assisted 
or controlled respiration. Intravenous fluids and vasopressors for the treatment of hypotension and other supportive 
measures may be employed. 

DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according to body 
weight, physical status, underlying pathological condition, use of other drugs, and type of surgical procedure and 
anesthesia. In obese patients (more than 20% above ideal total body weight), the dosage of SUFENTA should be 
determined on the basis of lean body weight. Dosage should be reduced in elderly and debilitated patients (see 
PRECAUTIONS) 

Vital signs should be monitored routinely. 

See dosage range chart for the use of SUFENTA by intravenous injection 1) in doses of up to 8 pg/kg as an analgesic 
adjunct to general anesthesia, and 2) in doses >8 pg/kg as a primary anesthetic agent for induction and mainte- 
nance of anesthesia with 100% oxygen 

Usage in Children: For induction and maintenance of anesthesia in children less than 12 years of age undergoing 
cardiovascular surgery, an anesthetic dose of 10-25 pg/kg administered with 100% oxygen is generally recommended. 
Supplemental dosages of up to 25-50 pg are recommended for maintenance, based on response to initial dose and 
as determined by changes in vital signs indicating surgical stress or lightening of anesthesia 

Premedication: The selection of preanesthetic medications should be based upon the needs of the individual patient. 
Neuromuscular Blocking Agents: The neuromuscular blocking agent selected should be compatible with the 
patient's condition, taking into account the hemodynamic effects of a particular muscle relaxant and the degree of 
skeletal muscle relaxation required (see CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 


ADULT DOSAGE RANGE CHART 










TOTAL DOSAGE MAINTENANCE DOSAGE 
ADMINISTRATION WITH NITROUS OXIDE/OXYGEN FOR SURGICAL PROCEDURES 
LASTING UP TO EIGHT HOURS: 


e TOTAL DOSAGE REQUIREMENTS OF 1)G/KG/HR OR LESS ARE RECOMMENDED 


1-2 ug/kg: Expected duration of anesthesia 1-2 
hours. Approximately 75% or more of total SUFENTA 


dosage may be administered prior to intubation. 


Administered with nitrous oxide/oxygen in patients 
undergoing general surgery in which endotracheal 
intubation and mechanical ventilation are required. 


2-8 g/kg: Expected duration of anesthesia 2-8 
hours. Approximately 50 to 75% of total SUFENTA 


dosage may be administered prior to intubation. 


Administered with nitrous oxide/oxygen in patients 


undergoing more complicated major surgical proce- 


10-25 pg (0.2-0.5 mi): as needed when movement 
and/or changes in vital signs indicate surgical stress 
or lightening of analgesia. Supplemental dosages 
should be individualized and adjusted to remaining 
Operative time anticipated. 


10-50 pg (0.2-1 ml): as determined by changes in 
vital signs that indicate stress or lightening of anal- 
gesia. Supplemental dosages should be individual- 
ized, and adjusted to the remaining operative time 
anticipated 











dures. At dosages in this range, SUFENTA has been 
shown to provide some attenuation of sympathetic 
reflex activity in response to surgical stimuli, provide 
hemodynamic stability, and provide relatively rapid 
recovery. 


ADMINISTRATION WITH 100% OXYGEN 


8-30 g/kg: (anesthetic doses) administered with 25-50 pg/kg (0.5-1 ml): as determined by changes 
100% oxygen and a muscle relaxant. SUFENTA has in vital signs that indicate stress and lightening of 
been found to produce sleep at dosages >8 pg/kg | anesthesia. 
and to maintain a deep level of anesthesia without 
the use of additional anesthetic agents. At dosages 
in this range of up to 25 pg/kg, catecholamine 
release is attenuated. Dosages of 25-30 pg/kg have 
been shown to block sympathetic responses including 
catecholamine release. High doses are indicated in 
patients undergoing major surgical procedures, such 
as Cardiovascular surgery and neurosurgery in the 
sitting position with maintenance of favorable myo- 
cardial and cerebral oxygen balance. Postoperative 
mechanical ventilation and observation are essential 
at these dosages due to extended postoperative 
respiratory depression. 























In patients administered high (anesthetic) doses of SUFENTA, it is essential that qualified personnel and adequate 
facilities are available for the management of postoperative respiratory depression. 

Also see WARNINGS and PRECAUTIONS sections. 

For purposes of administering small volumes of SUFENTA accurately, the use of a tuberculin syringe or equivalent 

is recommended. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, 
whenever solution and container permit 

HOW SUPPLIED: SUFENTA (sufentanil citrate) Injection for intravenous use is available as: 

NDC 50458-050-01 50 pg/ml, 1 ml ampoules in packages of 10 
NDC 50458-050-02 50 pg/ml, 2 mi ampoules in packages of 10 
NDC 50458-050-05 50 pg/ml, 5 mi ampoules in packages of 10 


Protect from light. 
Store at room temperature. 


PHARMACEUTICA 


Janssen Pharmaceutica Inc. 
Piscataway, NJ 08854 


mal JANSSEN 
EJ 


U.S Patent No. 3,998,834 
7618503-M 
May 1984, January 1986 
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The Olympus LF- Intubation Scope - 3 
designed specifically for: 


e problem intubations 
e double lumen tube placement 

- endotracheal tube changes 

- preoperative airway assessment 

e evaluation of upper airway damage 





























~ The LF 
Incorporates 
features most 
requested by 
anestnesiologists* 


60cm working length (longer than a 
bronchoscope) accommodates all oral and 

nasal intubation techniques used in your hos- 
pital, making the LF-1 truly versatile. 


Thin 4mm insertion tube allows you to pass 
the LF-1 through all double lumen endobronchial 
tubes and endotracheal tubes even as small as 
omm. But the LF-1 is firm enough to prevent buckling 
should you choose a larger ET tube. 


Superior optics. You'll appreciate how the increased 
image size, high resolution and 75° field of view simplify 
identification of anatomic structures and orientation within 
the pharynx. 
1.2mm channel gives you additional versatility for instill- 
ing anesthetics and removing secretions. 
Balanced tip deflection lets you choose the intubat- 
ing position that's most comfortable for you. 
Lightweight control section allows convenient 
thumb-operated tip deflection with either hand. 
Full immersibility assures you of 100% cleaning 
and disinfecting. If you choose, the LF-1 can also 
be safely gas sterilized. 
Affordable. With all its advantages, the 
LF-1 is priced substantially below a 
bronchoscope. 












OLYMPUS 


SUPERIORITY YOU CAN SEE. 


P Olympus Corporation 

4 Medical Instrument Division 
74 4 Nevada Drive 
Lake Success, New York 11042 
800-342-1673 


*From a market survey conducted by Olympus Corporation in January, 1983. ©1985 Olympus Corporation 





INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


THE B.B. SANKEY ANESTHESIA ADVANCEMENT AWARD 


1986 Awards 


The Board of Trustees of the IARS is pleased to advise that four Awards were granted and 
announced at the March 1986 meeting in Las Vegas, as follows: 


Zeljko J. Bosnjak, php, Medical College of Wisconsin, Milwaukee, WI: 
“Effects of Chronic Administration of Calcium Antagonists’ 
John F. Butterworth tv, MD, Bowman Gray School of Medicine, Winston-Salem, NC: 
“Brain Cellular Mechanisms of Increased Anesthetic Susceptibility with Aging” 
Philippe R. Housmans, MD, PhD, Mayo Foundation, Rochester, MN: 
“Influence of Halothane on Intracellular Calcium Handling in Mammalian Cardiac 
Muscle” 
Vladimir Nigrovic, MD, Medical College of Ohio, Toledo, OH: 
“Adverse Reactions and Metabolism of Atracurium’”’ 


1987 B.B. SANKEY ANESTHESIA ADVANCEMENT AWARD 


Applications for up to $25,000 are invited for the 1987 Award, subject to the following 
basic conditions: 


* The proposal must be within the general field of anesthesiology and may be for 
research, clinical care, education, or administration. 


° The applicant must be a member of the International Anesthesia Research Society. 


e Applications must be received in the IARS Cleveland office no later than December 15, 
1986. 


e The official application for the Award must be used. This form, as well as the 
guidelines for applicants, is available on request to: 


International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, OH 44122 

Telephone: (216) 295-1124 


The 1987 Award(s) will be announced at the Annual Scientific Meeting (61st Congress) of 
the International Anesthesia Research Society to be held at the Buena Vista Palace, Lake 
Buena Vista (Orlando), Florida, March 14-18, 1987. 
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Trends in NeuroSciences 
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Gly Glu Val Leu Gly Lys Arg/Tyr Gly Gly Phe Met| Lys Lys Asp Ala 


GGU GAG GUC CUU GGC AAG AGA [UAU GGG GGC UUC AUG) AAG AAG GAU GCA 


380 *400 420 














/ Noise 
/ 





AFTER DECONVOLUTION 







otb 










E ED PSP B 
1— 


ae | / 


SZFTY|S|WTIrnwnvy 
ANEM MIMNEANM 
SYMYSMMEEMEMZE 
BEM PUSS SBBRZS 










From genes to behaviour 
—the central connection 


This is probably the most exciting Gene research in neuroscience is 


time to be working in neuroscience. 
At last it seems as though many of 
the secrets of the nervous system 
are yielding to research. The genes 
for the acetylcholine receptor, the 
sodium channel and the three 
opioid peptide precursors have all 
been cloned. The crucial role of 
molecular genetics within neuro- 
science is firmly established. 

The new technology has demon- 
strated the ability of a handful of 
gene products to orchestrate a 
complex sequence of behaviour in 
the marine mollusc Aplysia. Rapid 
progress is also being made in 
understanding how specific gene 


not the only area where activities are 
occuring at an explosive rate. PET 
studies of human cognitive function, 
computer monitoring of whole body 
and limb movement and psycho- 
physical testing of perceptual activi- 
ties are all contributing to our know- 
ledge of higher brain functions in 
health and disease. 

Trends in NeuroSciences is the 
only review journal which covers all 
aspects of neuroscience. Its unique 
style makes it accessible to re- 
searchers and students alike. Don't 
miss out on the excitement, sub- 
scribe to Trends in NeuroSciences 
today. 





products control development in the 
insect’s nervous system, or regulate 
the switching of transmitter produc- 
tion in adult mammalian neurons. 
Undoubtably molecular genetics 
will have a major impact on clinical 
neuroscience during the 1980s. 


Articles published in 1985 included: 

Acetylcholine receptor structure: a new twist in the story Charles F. Stevens 

The electroplax sodium channel revealed William Catterall 

MPTP and Parkinson's disease J. William Langston 

Are glial cells excitable after all? Joan Abbott 

Homeotic gene expression in Drosophila Michael, S. Levine and Cathy J. Wedeen 
How do growth cones grow? Carol Mason 


Neural and molecular mechanisms underlying information processing in Aplysia 
John H. Byrne 


A special subscription rate 30% 
below the personal subscription is 
available for all students (under- 
graduate, graduate, postgraduate) 
and neurology residents. The 1986 
student subscription rate is UK 


Subscription details 

Personal edition 1986 (12 issues) UK £30.00; USA and Canada US$52.00; Europe 140.00 Dutch 
Guilders; Rest of World 152.00 Dutch Guilders. 

Library edition 1986 (12 issues + annual compendium) UK, USA, Canada, Europe 465.00 Dutch 
Guilders/US$160.00; Rest of World 480.00-Dutch Guilders/US$166.00. 

Payment must accompany personal subscriptions and may be made by cheque, made out to 
‘Elsevier’ or by credit card. We accept Am Ex, VISA and Access/Mastercard/Eurocard. Please supply 
card number, expiry date, issuing bank (if appropriate), the cardholder's name and address and 
signature 

Dutch Guilder price is definitive for Library Edition. 


£21.00; USA and Canada US$37.00; 
Europe 98.00 Dutch Guilders; Rest of 
World 107.00 Dutch Guilders. 
Student subscriptions must be 
accomplished by valid proof of 
student status. 





Please send your subscriptions or request for a sample copy to one of the addresses below. 





Elsevier Publications (Cambridge) Elsevier Science Publishing Co Inc Elsevier Science Publishers 


68 Hills Road 52 Vanderbilt Avenue Biomedical Division 
Cambridge New York PO Box 1527 
CB21LA NY 10017 1000AC Amsterdam 
UK USA The Netherlands 
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Antiemetic Prophylaxis 


ren” | ~ ak ur” 





Over a decade 
of on-line 
antiemetic 
experience 





> Proven in double-blind studies to provide postoperative 
antiemetic effect (when given perioperatively) that is 
significantly superior to placebo,'* diazepam? and 


hydroxyzine?* 


> Potent antiemetic activity extends through discharge 


from recovery room 


> May be administered intraoperatively in long 


short procedures 


procedures as well as preoperatively in both long and 


> Helps maintain cardiovascular stability by protecting 
against hypertensive episodes, heart rate changes and 


the pressor and arrhythmogenic effects of epinephrine 


> Facilitates a comfortable, anxiety-free emergence, 
reducing the need for postoperative opioids 


Inapsine 





droperidol) Injection 


Significantly Superior Postoperative Antiemetic Prophylaxis 


Before prescribing please consult complete prescribing information, 
of which the following is a brief summary. 

Protect from light. Store at room temperature 

FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 

Droperidol is a neuroleptic (tranquilizer) agent 


DESCRIPTION: 2 m/. and 5 mi. ampoules: Each ml. contains 
Droperidol 2.5 mg. and lactic acid for pH adjustment to 34 + 04 
10 mi. vials: Each ml. contains Droperidol 2.5 mg. with 1.8 mg 
methylparaben and 0.2 mg. propylparaben, and lactic acid for 

pH adjustment to 34 + 04 

INDICATIONS: INAPSINE (droperidol) is indicated: * to produce 
tranquilization and to reduce the incidence of nausea and vomiting 
in surgical and diagnostic procedures; * for premedication, induc- 
tion, and as an adjunct in the maintenance of general and regional 
anesthesia; * in neuroleptanalgesia in which INAPSINE (droperidol) 
Is given concurrently with a narcotic analgesic. such as SUBLIMAZE* 
(fentanyl) injection, to aid in producing tranquility and decreasing 
anxiety and pain 


CONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated 
in patients with Known intolerance to the drug 


WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO 
MANAGE HYPOTENSION SHOULD BE READILY AVAILABLE 
As with other CNS depressant drugs, patients who have received 
INAPSINE (droperidol) should have appropriate surveillance 

If INAPSINE (droperidol) is administered with a narcotic analgesic 
such as SUBLIMAZE (fentanyl), the user should familiarize himselt 
with the special properties of each drug, particularly the widely 
differing durations of action. In addition. when such a combination 
Is used, resuscitative equipment and a narcotic antagonist should 
be readily available to manage apnea. See package insert for fen- 
tanyl before using. Narcotic analgesics such as SUBLIMAZE (fen- 
tanyl) may cause muscle rigidity, particularly involving the muscles 
of respiration. This effect is related to the speed of injection. Its 
incidence can be reduced by the use of slow intravenous injection 
Once this effect occurs. it is managed by the use of assisted or 
controlled respiration and. if necessary, by a neuromuscular block- 
ing agent compatible with the patient's condition 

The respiratory depressant effect of narcotics persists longer 
than their measured analgesic effect. When used with INAPSINE 
(droperidol), the total dose of all narcotic analgesics administered 
should be considered by the practitioner before ordering narcotic 
analgesics during recovery from anesthesia. It is recommended 
that narcotics, when required, be used initially in reduced doses as 
low as "4 to V3 those usually recommended 


PRECAUTIONS: The initial dose ot INAPSINE (droperidol) should 
be appropriately reduced in elderly. debilitated and other poor-risk 
patients. The effect of the initial dose should be considered in 
determining incremental doses. Certain forms of conduction anes- 
thesia, Such as spinal anesthesia and some peridural anesthetics, 
can cause peripheral vasodilatation and hypotension because of 
sympathetic blockade. Through other mechanisms, INAPSINE 
(droperidol) can also alter circulation. Therefore, when INAPSINE 
(droperidol) is used to supplement these forms of anesthesia, the 
anesthetist should be familiar with the physiological alterations 
involved, and be prepared to manage them in the patients selected 
for this form of anesthesia 

lf hypotension occurs. the possibility of hypovolemia should be 
considered and managed with appropriate parenteral fluid therapy 
Repositioning the patient to improve venous return to the heart 
Should also be considered when operative conditions permit. It 
should be noted that in spinal and peridural anesthesia. tilting the 


patient into a head down position may result in a higher level of 
anesthesia than is desirable, as well as impair venous return to 
the heart. Care should be exercised in moving and positioning of 
patients because of the-possibility of orthostatic hypotension. If 
volume expansion with fluids plus other countermeasures do not 
correct the hypotension, then the administration of pressor agents 
other than epinephrine snould be considered. Epinephrine may 
paradoxically decrease tne blood press Jre in patients treated with 
INAPSINE (droperidol) due to the alpha- adrenergic blocking action 
of droperidol 

Since INAPSINE (droperidol) may decrease pulmonary arterial 
pressure, this fact should be considered by those who conduct 
diagnostic or surgical procedures where interpretation of pulmo- 
nary arterial pressure measurements might determine final man- 
agement of the patient. Vital signs should be monitored routinely 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers. 
narcotics, and general anesthetics) have additive or potentiating 
effect with INAPSINE (droperidol). Wher patients have received 
such drugs. the dose of INAPSINE (droperidol) required will be less 
than usual. Likewise. following the adm nistration of INAPSINE 
(droperidol). the dose of other CNS depressant drugs should be 
reduced. 

INAPSINE (droperidol) should be administered with caution to 
patients with liver and kidney dysfunction because of the impor- 
tance of these organs in the metabolism and excretion of drugs 

When the EEG ts used for postoperative monitoring. it may be 
found that the EEG pattern returns to normal slowly 

Since INAPSINE (droperidol) is frequently used with the narcotic 
analgesic SUBLIMAZE (fentanyl), it should be noted that fentanyl 
may produce bradycardia. which may be treated with atropine 
however, fentany! should be used with caution in patients with 
cardiac bradyarrhythmias. (See full prescribing information for 
complete description ) 

ADVERSE REACTIONS: The most common adverse reactions 
reported to occur with INAPSINE (droperidol) are mild to moderate 
hypotension and occasionally tachycarcia. but these effects usually 
Subside without treatment. If hypotension occurs and is severe or 
persists. the possibility of hypovolemia should be considered and 
managed with appropriate parenteral fluid therapy. Postoperative 
drowsiness ıs also frequently reported 

Extrapyramidal symptoms (dystonia. akathisia. and oculogyric 
crisis) have been observed following administration of INAPSINE 
(droperidol). Restlessness, hyperactivity. and anxiety which can be 
either the result of inadequate dosage ot INAPSINE (droperidol) or 
a part of the symptom complex of akathisia may occur. When 
extrapyramidal symptoms occur. they can usually be controlled 
with anti-parkinson agents. 

Other adverse reactions that have been reported are dizziness 
chills and/or shivering, laryngospasm., tronchospasm and post- 
operative hallucinatory episodes (sometimes associated with 
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The Newest in Anesthesia and Analgesia... 


“.. this work will make a worthwhile con- 
tribution to the libraries of all who are in- 
volved in the care of patients with nervous- 
system disease.” (The New England Journal 
of Medicine on the Ist edition) 


















New! Contemporary Issues In 
Fetal and Neonatal Medicine 


PERINATAL ANAESTHESIA 


By John W. Scanlon, M.D. 

e focuses on topics concerning the fetus and 
neonate 

e discusses interaction between diseases and 
anesthetic agents over the entire 
perinatal/neonatal period 













New 2nd edition! 
ANESTHESIA AND 
NEUROSURGERY 


By James E. Cottrell, M.D. and Herman 
Turndorf, M.D. 

















_ it is without a doubt the most comprehensive text currently in print.” e explores practical guides to obstetrical 
(Anesthesia Points West on the Ist edition) This new edition promises to regional anesthesia, management of diabetes in pregnancy, fluid/ 
be even better! electrolyte balance during labor and neonatal surgical anesthesia 
1986. Approx. 615 pages, with 199 illustrations. (1163-6) About $75.00 November, 1985. Approx. 282 pages, with 22 illustrations. (A-4350-3) 


















Mosby distributes this Blackwell Scientific Publication. About $35.00 
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DECISION MAKING IN New! 

ANESTHESIOLOGY GUIDELINES IN CLINICAL 
By Lois L. Bready, M.D. and R. Brian Smith, ANAESTHESIA 

M.D. 


By Peter Hutton, B.Sc., M.B., Ph.D., Ch.B., 
F.F.A.R.C.S. and Griselda Cooper, M.B., Ch.B., 
F.F.A.R.C.S. 

e examines the way coincidental diseases or 
other problems affect the process of anaesthesia 
e arranges chapters by organ system 

e includes the background pathology and 


èe uses algorithms to explain decision making in 
anesthesiology 

e each algorithm shows the decision points in- 
volved and their logical results, progressing from 
a clinical symptom through the steps you need to 
diagnose and treat the condition 

e reviews both emergency and elective surgical settings ; ; : 
1986. Approx. 280 pages. (D-0818-X) Mosby distributes this B.C. Decker, physiology of diseases, as well as the pre-, intra- and post-operative care 


Inc. publication. $40.00 (Will be $44.00) S dail of the disease in each chapter 
(coi leita a PSS oat tary November, 1985. Approx. 250 pages, with 53 illustrations. (B-1047-8) 


Mosby distributes this Blackwell Scientific Publication. About $32.95 











New! 
VENTILATORS: Theory and 
Clinical Application 


By Yvon DuPuis, R.R.T. 

Rely on this title for essential information on 
the functioning and actual operation of ventila- 
tors. The text details how particular ventilators 
work and why they get certain results. As the 
only book to combine a solid theoretical foundation with clear guidelines 
for direct clinical application, it enables you to accurately predict ventila- 








New! 
ACUTE RESPIRATORY CARE 


By Jack J. Applefeld, M.D. and Steven E. 
Linberg, Ph.D.; with 5 contributors 

From applied physiology and management of 
non-ARDS pulmonary failure to respiratory 
therapy and radiology, ACUTE RESPIRATORY 
CARE covers it all: adult respiratory distress syn- 
drome, traumatic injury and surgical manage- 


































tor function and results in a clinical setting. ment, infectious diseases, respiratory monitoring 
e includes a complete catalog of ventilators. and more! 
March, 1986. Approx. 608 pages, with 302 illustrations. (1420-1) About January, 1986. Approx. 350 pages. (A-0302-1) Mosby distributes this 


$33.95 Blackwell Scientific Publication. About $29.95 





























New! 
POCKET MANUAL OF CRITICAL 
CARE 

By Frank B. Cerra, M.D., F.A.C.S. 


e focuses on critical care of the surgical patient 
® outlines applied physiology and metabolism as 
well as specific guidelines for the management of 
different organ failures 

e emphasizes criteria that help you make bed- 
side decisions 

e includes discussions on managing the patient with AIDS and Multiple 














New 4th edition! 

PHYSICS FOR THE 
ANAESTHETIST 

By W.W. Mushin, M.A., M.B., B.S., F.R.C.S., 
F.F.A.R.C.S. and P.L. Jones, M.B., B.Ch., 
F.F.A.R.C.S. 

e serves as a completely rewritten, up-to-date 
review 

èe incorporates the basic 





Systems Organ Failure (MSOF) ideas of mechanics, modern molecular physics and electromagnetic 
April, 1986. Approx. 500 pages. (1010-9) About $25.00 radiation ; 
EE e explains and uses SI units of measurement throughout 


AE e features a wealth of illustrations 
Save time, call FREE 1-800-345-8500, ext. 15. a March, 1986. Approx. 700 pages, with 200 illustrations. (B-3591-8) 
Our hotline is open 24 hours a day, 7 days a week. S.077 Mosby distributes this Blackwell Scientific Publication. About $48.50 
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Aims and Scope 

Developmental Brain Research is a special section of Brain Research which provides a 
medium for prompt publication of in vitro and in vivo developmental studies concerned 
with the mechanism of neurogenesis, neuron migration, cell death, neuronal differen- 
tiation, synaptogenesis, myelination, the establishment of neuron-glia relations and the 
development of various brain-barrier mechanisms. 
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An Improvement 
upon Excellence... 


Principles 
of Neural 
Science 


Second Edition 


Editors: 


Eric R. Kandel, M.D. 

The Howard Hughes Medical 

Institute, Center for Neurobiology and 
Behavior, College of Physicians and Sur- 
geons, Columbia University 


James H. Schwartz, M.D., Ph.D. 
The Howard Hughes Medical 

Institute, Center for Neurobiology and 
Behavior, College of Physicians and Sur- 
geons, Columbia University 





The expanded, completely updated new 
edition of Principles of Neural Science 
is available for adoption. Like its 
predecessor, this new edition applies the 
insights gained from current research In 
basic science to the study of the nervous 
system, its development, and its control 
of behavior. The second edition places an 
even stronger emphasis on cell and mo- 
lecular biology and includes a new and 
systematic treatment of neuroanatomy as 
it relates to neurobiology and behavior, 
detailed enough to serve as a foundation 
for clinical neurology and psychiatry 


Principles of Neural Science, Second 
Edition, covers the extraordinary ad- 
vances that are revolutionizing neuro- 
science research, including recombinant 
DNA and monoclonal! antibody tech- 
niques, patch clamping, new neuroan- 
atomical tracing methods, and new 
non-invasive methods of imaging 


Praise for the First Edition (Winner of 
the 1982 Medical Writers Book Award): 


‘... enthusiastically recommended’ 
— The New England Journal of Medicine 


“ an excellent book, fun to read yet infor- 
mative and accurate — a combination 
rare in scientific literature: 

— Nature. 


1985 1,032 pages cloth $47.50 in 
North America/£40.00 in the United King- 
dom/Dfl. 160.00 outside North America 
and the U.K. ISBN: 0-444-00944-2 


For information on examination copies for 
course use, contact in North America. Alan 
Moore, Marketing Manager, Elsevier Science 
Publishing Co., Inc., 52 Vanderbilt Ave., N.Y., 
N.Y. 10017; in the rest of the world: Sue Kettle, 
Promotions Manager, Elsevier Science Pub- 
ishers BV, PO. Box 1527, 1000 BM Amsterdam. 
The Netherlands 
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COMPREHENSIVE REVIEW VI 


A UNIQUE APPROACH TO MASTERY THROUGH THE CASE DISCUSSION METHOD 


MONDAY-WEDNESDAY * SEPTEMBER 8-10, 1986 


THE GRAND HYATT, NEW YORK 











This popular intensive review course will again examine in depth the current clinical practice 
of Anesthesiology with emphasis on recent advances. In providing a comprehensive review to 
practicing anesthesiologists a viewpoint will be defined on the role of the anesthesiologist as 
Consultant. Evening Consultations with the Experts provide informal group discussions with 
the faculty on various topics germaine to the practice of Anesthesiology and preparation for 
case management discussions. Registrants may sign up in advance, and select topics of 
their choice. | 

Please note this course has been condensed to three days and three evenings. To 
accommodate registrants who wish to take advantage of the Cardiopulmonary and Critical 
Care Medicine course which immediately follows, it is possible to register for Part | 
(September 11 & 12) at a prorated tuition. 
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Depression of Myocardial atc In Vitro by Bupivacaine, 


Etidocaine, and Lidocaine 
Carl Lynch Ul, MD, PhD 


LYNCH C ım. Depression of myocardial contractility in 
vitro by bupivacaine, etidocaine, and lidocaine. Anesth 
Analg 1986;65:551-9. 


The effects of local anesthetics.in depressing myocardial con- 
tractility were studied in isolated guinea pig right ventric- 
ular papillary muscles. Bupivacaine and etidocaine, 4 and 
10 uM, showed reverse frequency-dependent depression of 
contractility, that is, less significant depression of contrac- 
tility at higher stimulation frequencies (2-3 Hz) than at 
lesser frequencies (<1 Hz): Lidocaine, 40 pM, demon- 
strated a similar trend. In contrast, the normal action po- 
tential maximum rate of depolarization (Vmax), a measure 
of sodium channel conductance, was significantly more de- 
pressed at 2—3 Hz by buptvacaine and etidocaine than by 
lidocaine. Consequently, contractile depression could be 


In the clinical setting, cardiovascular collapse has been 
associated with intravenous bupivacaine and etido- 
caine (1-3). In vivo animal studies have suggested 
that the highly lipid-soluble local anesthetics, bupiv- 
acaine and etidocaine, cause more lethal myocardial 
dysfunction and dysrhythmias than lidocaine at 
equivalent local anesthetic doses (4-11). Recently, 
Clarkson and Hondeghem (12,13) have demonstrated 
that bupivacaine binds to arid blocks inactivated so- 
dium channels more tightly than lidocaine, leading 
to conduction blockade with higher frequencies of 
stimulation. Although the electrophysiologic basis of 
local anesthetic action is blockade of sodium channels, 
which results in conduction blockade, these com- 
pounds have cellular actions unrelated to sodium 
channel effects. Procaine and tetracaine directly in- 
hibit Ca?* release from the sarcoplasmic reticulum of 
skeletal muscle (14-16), and procaine and the local 
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thesiology, University of Virginia Medical Center, Box 238, Char- 
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overcome only at higher stimulation frequencies,-‘at‘which 
conduction was depressed. To explore the mechanism of the 
contractile depression, local anesthetic effects-were studied - 
on slow (calcium channel-mediated) action potentials in par- 
tialiy depolarized papillary muscles. Etidocaine.and bupiv- 
acaine, 4and 10 pM, and lidocaine, 40 and 100 uM, caused 
a marked depression of. the late-peaking contractile re- 
sponses, attributed to Ca?* release from the sarcoplasmic 
reticulum: In contrast, only 10 uM bupivacaine caused any 
significant depression of the slow action potential rate of 
depolarization (to 89% of control), consistent with a possible 
small depression of Ca** entry. 


Key Words: ANESTHETICS, LocaL—bupivacaine, 
etidocairie, lidocaine. HEART—action potential, 
contractility. 


anesthetic SKF-525-A have been shown to inhibit Ca?* 
release from isolated myocardial sarcoplasmic retic- 
ulim (17). The well-characterized effects of local an- 
esthetics upon Ca** release by the sarcoplasmic re- 
ticulum or possible effects on Ca?* entry into the cell 
could contribute to depression .of myocardial. con- 
tractile function. The present study was:performed:to 
examine how these actions, unrelated to .the sodium 
channel, may contribute also to myocardial.depression. 


Methods 


The heart was removed from guinea pigs (300—400 g) 
under diethyl ether anesthesia, and right ventricular 
papillary muscles were excised. Muscles were pinned 
by the cut end into the base of the chamber (25 x 
5 x 3 mm), and the tendinous end was attached to 
a Series 400A Force Transducer System (Cambridge 
Technologies, Inc.). Muscle length was adjusted to 
the lowest rest tension at which maximum twitch ten- 
sion was observed. Muscles were maintained at 37°C 
and superfused at a rate of 8 ml/min with standard 
Tyrode solution composed of Na, 143 mM; K, 4.7 mM; 
Cl, 128 mM; Ca, 2.5 mM; Mg, 2.0 mM; SO, 2.0 mM; 
HCO3;, 25 mM; glucose, 11 mM; EDTA, 0.1 mM. So- 
lution circulated through the chamber from heated 
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reservoir containers through which 95% O2/5% CO, 
was bubbled, maintaining pH at 7.45 + 0.5. The mus- 
cles were field-stimulated by stainless steel electrodes 
placed along the wall of the chamber. Stimuli were 
0.5 msec in duration. In this present study, the muscle 
cross-sectional area was calculated from the muscle 
length, weight, and density, and ranged from 0.45 to 
1.0 mm’. 

Muscles were impaled and intracellular potential 
monitored by conventional 3 M KCl-filled microelec- 
trodes attached to a WPI VF-1 preamplifier. Bath po- 
tential, monitored through an agar bridge~Ag/AgCl 
electrode, was subtracted from the intracellular po- 
tential to give the membrane potential (Vm). Tension 
and its first derivative were continuously recorded on 
a Gould 440 recorder. Twitch tension, the action po- 
tertial, and its first derivative (V) were monitored on 
a Tektronix D11 storage oscilloscope. The resting 
membrane potential, action potential amplitude, ac- 
tion potential duration to 90% repolarization, and the 
maximum rate of depolarization (Vmax) were recorded 
directly or from photographic records. The normal 
action potential Vmax was employed as a quantitative 
estimate of inward current through the sodium chan- 
nel (Ina). Tension response and action potentials were 
also recorded on a Tektronix 5D10 wave-form digitizer 
and subsequently plotted on an X-Y recorder for 
analysis. 

A protocol of stimulation was employed in which, 
after 15 min rest, a rested state contraction was elic- 
ited, followed by stimulation rates of 0.1, 0.25, 0.5, 
1.0, 2.0, and 3 Hz applied sequentially. Each stimu- 
lation rate was maintained until a steady state and 
unchanging contraction was achieved before pro- 
ceeding to the next higher frequency. All muscles 
showed a typical positive treppe or staircase, in which 
the steady-state contractile response was larger at each 
higher stimulation frequency. Maximum peak ten- 
sions were observed at 3 Hz and ranged from 1 to 7 
mN (milliNewton, equivalent to the force exerted by 
gravity on a mass of 102 mg). After control studies, 
muscles were exposed to anesthetics for at least 15 
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2 Hz Figure 1. Contractions accompanying slow 
action potentials (upper panels), at var- 
ious frequencies of stimulation, and the 
time differential of the tension trace (lower 
panels). The maximum rate of early ten- 
sion development (dT;/dt max) and the 
maximum rate of late tension develop- 
ment (dT,/dt max) are the indicated peaks 
on the dT/dt tracing. 


min prior to the recording of responses, which was 
found to be sufficient time for a stable constant drug 
effect. Recovery responses were recorded at least 30 
min after washout of anesthetic from the chamber. 
Intracellular recording was attempted in all experi- 
ments, but the vigorous contractions observed at higher 
stimulation frequencies often caused dislodgement of 
the microelectrode. Changes in action potential char- 
acteristics were analyzed in those settings in which 
intracellular impalements were maintained through- 

out the control, drug exposure, and recovery periods. 

Because action potential V max may vary slightly with 
the action potential latency, stimulation intensity oc- 
casionally required adjustment to maintain the same 
latency between the stimulus and the action potential 
depolarization for each stimulation frequency. This 
latency was then maintained throughout the drug ex- 
posure and recovery periods. Each drug concentra- 
tion was studied in four to seven individual muscles. 
Four and ten micromolar concentrations of bupiva- 
caine and etidocaine were used, corresponding re- 
spectively to 1.15 and 2.88 ug/ml for bupivacaine and 
1.11 and 2.76 pg/ml for etidocaine. A 40-4m concen- 
tration of lidocaine was used, corresponding to 9.37 
ug/ml. 

Membrane action potentials and muscle contrac- 
tions were also studied in muscles that were partially 
depolarized to —40 to —45 mV in 26 mM potassium 
Tyrode (potassium substitution for an equivalent con- 
centration of sodium to maintain the calculated os- 
molality). Isoproterenol (0.1 uM} was added to elicit 
slow action potentials, mediated by current through 
the slow (calcium) channel, with typical maximum 
rates of rise (Vmax) Of 15-25 V/sec. Slow action poten- 
tial Vmax Was employed as an estimate of slow inward 
(calcium) current (18). Furthermore, with stimulation 
after rest and up to frequencies of 0.5 Hz, these par- 
tially depolarized muscles show a late-peaking ten- 
sion response similar to the adrenergically-stimulated 
rested state contraction in normal Tyrode. This late- 
peaking contraction is attributed to Ca** flux into the 
cell that is taken into the sarcoplasmic reticulum and 
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then subsequently released near the end of the action 
potential depolarization (19). Figure 1 shows the typ- 
ical contractions accompanying slow action potentials 
in 26 mM K* Tyrode with 0.1 uM isoproterenol. Ten- 
sion responses at 0.1 (identical to rested state), 0.5, 
1, and 2 Hz are in the upper panels, with the time 
differential (dT/dt) of the tension response shown be- 
low. From the rate of tension development, the max- 
imum rate of early tension development (dT,/dt max) 
and the maximum rate of late tension development 
(dT,/dt max) were measured as indicated by the peak 
on the dT/dt tracing. No late-peaking tension devel- 
opment consistently occurred at 2~3 Hz, and no value 
of dT,/dt max was noted. The magnitude of this late- 
peaking tension is comparable to the peak ten- 
sion observed in normal Tyrode at 3 Hz stimulation 
(1-6 mN). 

These preparations show stable, reproducible per- 
formance for 2-8 hr, with changes because of aging 
being less than 10% during the period from control 
to drug application through washout and recovery. 
In previous studies, recovery to control levels was 
observed following exposure to volatile anesthetics, 
and results were expressed as the percent of the av- 
erage control and recovery value (20,21). Measure- 
ments during local anesthetic exposure are expressed 
only as a percent of the control observation because 
complete recovery of control tension was not con- 
sistently observed after washout of the local anes- 
thetics. Such incomplete recovery, seen particularly 
with etidocaine and bupivacaine, was attributed to 
incomplete washout of drug. 

Testing for significant differences (P < 0.05) in ten- 
sion and normal action potential characteristics among 
the stimulation frequencies or among the anesthetic 
concentrations for each variable was carried out by 
one-way analysis of variance, as was significance of 
drug effect versus control. Change from the control 
slow action potential Vmax by local anesthetics was 
tested by paired t-test. 
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Figure 2. Effects of etidocaine on myocardial performance. (A) Steady 
state contractile responses at the indicated frequency under control 
conditions (c) and in the presence of 4 uM (1.11 ug/ml) etidocaine 
(e). Calibration bar at right applies only to 3-Hz responses. Washout 
of drug resulted in incomplete recovery (not shown). RS, rested 
state. (B) Effects of 4 and 10 uM (2.76 ug/ml) etidocaine on peak 
tension (filled symbols) and normal action potential rate of depo- 
larization (Vax, open symbols) at various frequencies of stimula- 
tion. Steady-state responses with etidocaine were expressed as the 
percent of the steady-state control response observed at the same 
frequency. Results plotted are mean + SEM percent of contro] peak 
tension from five different muscles, and mean + SEM percent of 
control Vmax in four muscles in which impalements were main- 
tained (average control Vmax: 188 + 6 V/sec). All values of tension 
were significantly reduced from control. Contractions at RS, 0.1 
Hz, and 0.5 Hz were depressed more than those at 2-3 Hz with 4 
uM etidocaine; contractions at RS up to 2 Hz were depressed more 
than at 3 Hz with 10 uM etidocaine. “Indicates significant change 
in Vmax from control. 


Results 
Normal Action Potential. Experiments 


Figure 2A shows the control steady-state tension re- 
sponses after rest (RS) and from 0.1 up to 3 Hz; the 
steady-state responses observed in the presence of 4 
uM (1.11 ug/ml) etidocaine at each frequency are su- 
perimposed. A late component of tension develop- 
ment, prominent after rest and up to 0.5 Hz, was 
depressed by etidocaine, but the early-peaking ten- 
sion at 2-3 Hz was well-preserved. The peak rate of 
tension development (dT/dt max) which occurred ini- 
tially was only modestly depressed, and thus the 
depression of peak tension was due primarily to re- 
duction of the later rate of tension development. The 
average percent depression of peak tension by 4 and 
10 uM etidocaine as a function of frequency is shown 
in Figure 2B (filled symbols). Contractility as mea- 
sured by peak tension was significantly less de- 
pressed at 3 Hz than at rest (RS), 0.5 Hz, and 1.0 Hz. 
Depression of dT/dt max (not plotted) did not vary 
significantly with frequency. Although increasing fre- 
quency of stimulation counteracted the depressant 
contractile effects of etidocaine, the rate of depolari- 
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Figure 3. Effects of bupivacaine and lidocaine on myocardial per-. Table 1. Local Anesthetic Effects on Slow Action 
formance. Steady-state responses in the local anesthetic were ex- Potential Vine. 
pressed as the percent of the control response observed at the same 
ency. Values plotted are mean + SEM percent of contro] peak Stimulation frequency (Hz) 
tension (filled symbols), and mean + SEM percent of control V ma = 
(open symbols). Tension was significantly depressed by both bu- Condition 4 0.25 1.0 2.0 
pivacaine and lidocaine at all frequencies. *indicates significant + 15.5 + 3.5 
change in Vmax fom control. (A) Four micromolar (1.15 pg/ml) yearn ivacaine i is ae ž = 15.1 aia 3.5 
caused significantly greater peak tension depression at rested state P i i ' f 
and 1 Hz than at 3 Hz (n = 6). Ten micromolar (2.88 ug/ml) bu- Control 21.5 +43 183+25 12.3+1.0 
pivacaine depressed peak tension significantly more at rested state, 10 bupivacai 18.7 + 4.6 16.34+2.3 11.0413 
and at 0.25 Hz up to 1 Hz, than at 3 Hz (n = 5). Control Vma in p PSE 
muscles in which impalements were maintained was 215 + 31 Control 5 18.945 15.541 13.8447 
V/sec (+SEM, n = 5). (B) Forty micromolar (9.37 pg/ml) lidocaine 10 uM etidocaine 16.1 + 3.3 13.4 +3.0 10.9 2.6 
significantly depressed peak tension more at rested state, and at 
0.25 up to 2 Hz, than at 3 Hz (n = 4). Control Vmax in muscles in Control . 4 19.8 + 6.1 236+60 22.8 + 6.4 
which impalements were maintained was 202 + 27 V/sec (+ sem, 40 uM lidocaine 22.2 + 7.0 25.5 +69 2411+75 
n = 5). Lidocaine caused significantly less depression of V max at 2 Resale cea in Visec. 


and 3 Hz than did bupivacaine or etidocaine (see Figure 2B). 


zation of the normal action potential (Vmax) was de- 
pressed increasingly as frequency increased from 1 to 
3 Hz (Fig. 2B, open symbols). This effect is consistent 
with a frequency-dependent blockade of sodium 
channels by etidocaine as previously described (22). 


The effects of 4 and 10 uM bupivacaine (Fig. 3A). 


are very similar to the equivalent concentrations of 
etidocaine. With increasing frequency of stimulation, 
the depressant effects of the drug on contractility were 
reduced. However, a dose- and frequency-dependent 
depression of Vmax by bupivacaine was observed as 
previously described by Courtney (22) and by Clark- 
son and Hondeghem (12,13). 

Lidocaine also caused contractile depression, which 
was more profound at low frequency (Fig. 3B). Across 
the frequency range studied, 40 uM lidocaine caused 
a pattern of depression that was similar to that of the 
tenfold lower concentration of the more lipid-soluble 
drugs. However, the frequency-dependent depres- 
sion of Vmax caused by 40 uM lidocaine was less pro- 
found than that observed with bupivacaine and eti- 
docaine. Although V max was significantly reduced by 





‘P > 0.05 difference from control by paired t-test. 


lidocaine at 0.5-3 Hz, the magnitude of this fre- 
quency-dependent depression was significantly less 
than that observed with 4 uM bupivacaine (at 2 and 
3 Hz), 10 uM bupivacaine (at 0.5 to 3 Hz), or with 10 
uM etidocaine (at 2 and 3 Hz). | 

With regard to action potential duration, lidocaine 
caused a significant decrease (93 + 1% to 96 + 1% 
of control) at all frequencies up to 2 Hz. Bupivacaine 
and etidocaine caused a similar effect, but the reduc- 
tion was not uniformly significant at all frequencies. 


Slow Action Potential Experiments 


In order to better define the mechanism of action of 
these local anesthetics, the depressant effects on the 
slow action potential characteristics and the accom- 
panying contractions were measured after rest and 
up to 3 Hz stimulation. Table 1 summarizes the effects 
of etidocaine, bupivacaine and lidocaine on slow ac- 
tion potential Vmax at 0.25, 1, and 2 Hz. The values 
are expressed as percent of control. As apparent from ™ 
the average control values, the slow action potential 
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V max frequently showed a characteristic frequency-de- 
pendent decline in the absence of drug application. 
Ten micromolar bupivacaine significantly depressed 
slow action potential Vma at 0.25 and 1 Hz in six 
muscles by 13 and 11%, respectively. Lidocaine, 40 
uM, 10 uM etidocaine, and 4 uM bupivacaine caused 
no significant depression. At 3 Hz, action potential 
latency was difficult to maintain with accuracy, so 
V max Values are not tabulated. However, there did not 
appear to be any prominent depression of slow action 
potential V max by these drugs at 3 Hz. During washout 
of drug, partial or complete recovery of Vmax was ob- 
served. Slow action potential amplitude and duration 
were not significantly altered by these anesthetics. 
In contrast to the small effects of these local an- 
esthetics on slow action potential characteristics, ef- 
fects on the contractile behavior were far more pro- 
found and frequency-dependent. Figure 4 shows 
superimposed steady state contractile responses for 
each frequency as indicated. Bupivacaine (Fig. 4A) 
caused marked dose-dependent depression of the late 
peak tension after rest and at stimulation frequencies 
from 0.1 to 1 Hz. Whereas the rapidly peaking tension 
at 2-3 Hz was mildly depressed, the effect on the late 
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Figure 4. Local anesthetic depression of papillary muscle contrac- 
tions associated with isoproterenol-induced slow action potentials. 
Contractile responses at the various frequencies under each indi- 
cated condition are superimposed. The number beside each trace 
indicates the frequency of stimulation (in Hz) at which that steady 
state response was recorded. RS, rested state contraction. (A) Ef- 
fects of 4 and 10 uM bupivacaine on contractile responses, and 
subsequent recovery after 40 min washout. (B) Effects of 4 uM 
etidocaine. Incomplete recovery to control responses accompanied 
washout (not shown). (C) Effects of 40 and 100 uM lidocaine, with 
complete recovery to control accompanying washout. 


peak tension was far more dramatic. With washout 
of the 10-uM concentration of drug, partial recovery 
was observed. Figure 4B demonstrates the frequency- 
dependent depression of the late-peaking tension by 
4 uM etidocaine, from which recovery with washout 
was incomplete (not shown). Figure 4C demonstrates 
the effects of 40 and 100 uM lidocaine upon slow 
action potential contractions. The late-peaking ten- 
sion is preferentially depressed by lidocaine in a fash- 
ion similar to bupivacaine and etidocaine. In contrast 
to bupivacaine and etidocaine, depressant effects of 
lidocaine were more readily reversed by washing out 
the drug, as shown here. 

Figure 5A plots the effects of bupivacaine upon 
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Figure 5. Effects of local anesthetics on peak tension, dT;/dt max, 
and dT,/dt max at various stimulation frequencies. Mean values 
+ SEM, expressed as percent of control, are plotted versus fre- 
quency. (A) Effects of bupivacaine (n = 7). (B) Effects of etidocaine 
(n = 5). (C) Effects of lidocaine (n = 5). 


peak tension, the maximum rate of early tension de- 
velopment (dTp/dt max), and the maximum rate of 
development of late-peaking tension (dT,/dt max). 
Results, expressed as percent of the control response, 
represent the mean of seven muscles studied. The 
average effect of etidocaine observed in five muscles 
is plotted in Figure 5B. Each concentration of both 
drugs caused significantly greater depression of late- 
peaking tension in the rested state up to 1 Hz than 
of the early-peaking tension at 2-3 Hz stimulation. 
As shown in Figure 5C, lidocaine had effects similar 
to the more lipid-soluble compounds, causing signif- 
icantly greater depression from rested state to 0.5 Hz 


~ LYNCH 


than at 3 Hz stimulation frequency. These local an- 
esthetics significantly depressed the maximum rate of 
late tension development (dT,/dt max) at all frequen- 
cies (not measured beyond 1 Hz). At each frequency 
up to 1 Hz, etidocaine (4 and 10 uM) and bupivacaine 
(10 uM) caused significantly greater depression of 
dT, /dt max than of dT;/dt max. While etidocaine and 
bupivacaine show equivalent effects at equal concen- 
trations, approximately ten times greater concentra- 
tions of lidocaine were required to effect an equivalent 
degree of depression. 

The effects of the amide local anesthetics were also 
compared to those of procaine, an ester local anes- 
thetic known to inhibit release of Ca?* by myocardial 
sarcoplasmic reticulum (17). Figure 6 shows the ef- 
fects of 400 uM procaine upon slow action potential 
contractions. As with the amide local anesthetics, this 
ester local anesthetic causes selective depression of 
the late-peaking tension, with less depression of the 
early-peaking tension at 2—3 Hz. A late component of 
tension present at 2~3 Hz is also greatly reduced. 


Discussion 


The local anesthetics in this study caused a reverse 
frequency-dependent depression of myocardial con- 
tractility, depressing tension development more at low 
frequencies of stimulation. These effects on myo- ` 
cardial contractility contrast sharply with local anes- 
thetic effects on the rate of depolarization of the fast 
action potential, which is a measure of sodium ion 
influx through sodium channels. The normal action 
potential Vmax is increasingly depressed by lidocaine 
and bupivacaine as stimulation frequency is in- 
creased, demonstrating the frequency- or use-depen- 
dent blockade of sodium channels (12,13,22). How- 
ever, bupivacaine causes prominent blockade at far 
lower stimulation frequencies than lidocaine, which 
is attributed to tighter binding of bupivacaine to in- 

activated sodium channels (12,13). Similar effects upon 
the fast action potential Vmax were observed in this 
study with bupivacaine and etidocaine, although the 
degree of depression by 4 and 10 uM bupivacaine at 
1-3 Hz appears to be somewhat less than that ob- 
served by Clarkson and Hondeghem (12,13). The more 
profound effect seen by these workers may be due to 
the use of HEPES buffer, which enhances local an- 
esthetic blockade of sodium channels by causing par- 
tial depolarization (23). The very similar effects ob- 
served for etidocaine would be expected based on 
earlier experiments by Courtney (22), who found that 
recovery from use-dependent sodium channel block- 
ade by bupivacaine and etidocaine required a longer 
interval than required by lidocaine. 


MYOCARDIAL EFFECTS OF LOCAL ANESTHETICS 


Figure 6. Procaine depression of papillary 
muscle contractions associated with iso- 
proterenol-induced slow action poten- 
tials. Contractile responses at various fre- 
quencies of stimulation (in Hz) are 
superimposed. 


The prolonged sodium channel binding of bupiv- 
acaine can cause slowed intramyocardial conduction, 
which may lead to reentrant conduction circuits (16) 
and account for the ventricular dysrhythmias, tachy- 
cardia, and fibrillation observed clinically (1,3) and 
experimentally in vivo (4,6,10,11). Slowing of atrio- 
ventricular conduction in isolated heart preparations 
with eventual conduction block is described with in- 
creasing concentrations of bupivacaine and etido- 
caine, and also by tenfold greater concentrations of 
lidocaine (24,25). Recently Hotvedt et al. (26), while 
examining the effects of bupivacaine on cardiac elec- 
trophysiologic behavior of the dog in vivo, found that 
the atrial-His bundle (AH) interval was increased even 
more than the His bundle—ventricular (HV) interval 
at concentrations of 2000-2500 ng/ml plasma concen- 
tration. The use-dependent blockade of sodium chan- 
nels by bupivacaine probably mediates the AH, His 
bundle—ventricular and intraventricular conduction 
defects observed with this drug. However, because 
AH conduction is mediated in part by Ca**-depen- 
dent slow action potentials in the AV node, it is pos- 
sible that the modest slow channel blocking proper- 
ties of bupivacaine might contribute also to disruption 
of AV. conduction at toxic concentrations. 

_ Although ventricular dysrhythmias and fibrillation 
have been frequently observed in patients (1,3) and 
in animal studies (4,6,10,11) in which toxic doses of 
bupivacaine have been administered, électromechan- 
ical dissociation has also frequently been observed, 
particularly accompanying bradycardia (5,27). The in 
vitro experiments in this study provide evidence for 
myocardial contractile dysfunction with low heart rates. 
As higher stimulation frequencies are employed, the 
contractile depression is far less profound. Field stim- 
ulation of papillary muscles in an experimental cham- 
ber, as in this study, permits uniform contractions to 
be maintained at higher stimulation frequencies. The 
amount of tissue is small, and all of it is subjected to 
the electrical field and is depolarized to initiate an 
action potential. Action potential conduction over long 
distances within the tissue is not required. In intact 
animals, however, decreases in sinus rate, AV con- 
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duction disturbances, and intraventricular conduc- 
tion disturbances may prevent maintenance of high 
heart rates, thus allowing the depressant effects of 
etidocaine and bupivacaine observed at lower heart 
rates to become apparent. In this study, lidocaine at 
concentrations of 40 and 100 uM (9.37 and 23.4 ug/ml) 
had contractile depressant properties equivalent to 4 
and 10 uM bupivacaine (1.15 and 2.88 ug/ml), re- 
spectively. However, in vivo lidocaine permits AV 
and myocardial conduction at higher frequencies or 
heart rates at which myocardial contractility is less 
depressed. | | 

The results of this study agree with previous work 
(24,28), in which a ten times greater concentration of 
lidocaine was necessary to cause depression of cardiac 
contractions comparable to bupivacaine. Tanz et al. 
(28) demonstrated in isolated guinea pig heart that 
9.2 uM (3 ug/ml) bupivacaine depressed contractility 
more than 111 4M lidocaine (30 ug/ml). In that study, 
in which heart rate was not controlled, bupivacaine 
caused a significantly greater reduction in heart rate 
than lidocaine, which further emphasizes the de- 
pressant effects of bupivacaine. The tenfold difference 
in cofitractile depressant properties between lidocaine 
and bupivacaine contrasts with only two to fourfold 
greater potency of bupivacaine over lidocaine in de- 
pressing axonal conduction (29). The results described 
in this present study are different from those of Clark- 
son and Hondeghem (13), who found that the depres- 
sion by bupivacaine of the peak tension developed 
by guinea pig papillary muscle did not vary signifi- 
cantly with frequency. In that study, contractions ac- 
companying normal action potentials were studied in 
a solution buffered with 1 mM HEPES, which may 
alter mechanical performance (30). 

Reiter et al. (19) have concluded that the late-peak- 
ing tension observed with isoproterenol stimulation 
in myocardium is due to uptake and subsequent re- 
lease of Ca** by myocardial sarcoplasmic reticulum 
(SR). Stimulation by -adrenergic compounds en- 
hances uptake into myocardial SR of calcium by a 
cAMP stimulated Ca?*-dependent ATPase (‘Ca?t 
pump”) (31). If this late tension peak is due to SR 
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reledse, compounds such as local anesthetics, which 
depress SR Ca** release might be expected also to 
depress the late peak. The local anesthetics procaine 
and SKF 525-A have béen found to inhibit Ca?*-in- 
duced Ca** release from purified cardiac SR vesicles 
' (17), and procaine is now shown to depress this late 
terision peak attributed to SR Ca** release. This late- 
peaking tension response can also be depressed by 
Ca’** entry blocking agents such as nifedipine. Bu- 
pivacaine demonstrated only modest depression of 
the rate of depolatization of slow action potentials, 

presumably dependent upon Ca?* entry through the 
slow channel. The profound depression of late-peak- 
ing tension was observed with concentrations of bu- 
pivacaine and etidocaine in the absence of significant 
depression of slow action potential V maxv and suggests 
an effect upon a mechanism distinct from Ca** entry. 

Because these depressant effects occur in partially de- 
polarized muscles in which sodium channels are in- 
activated, these effects are unlikely to be related to 
the local anesthetic sodium channel effects. The 
depression by etidocaine, bupivacaine, and lidocaine 
of the. procaine-sensitive late peak tension suggests 
that these local anesthetics directly depress myo- 
cardial contractility by alteration of Ca?* release from 
the SR. 

In summary, the local anesthetics appear to possess 
intrinsic abilities to depress myocardial contraction at 
low frequencies, possibly by interfering with Ca?* 
release from the sarcoplasmic reticulum. Because of 
their potent use-dependent blockade of sodium chan- 
nels, the highly lipid-soluble local anesthetics, bupiv- 
acaine and etidocaine, also block intraventricular con- 
duction at high stimulation frequencies or heart rates. 
These combined actions probably explain the more 
profound myocardial depressant effects observed with 
these drugs as compared with lidocaine. 


The author thanks Jacqueline Washington for technical assistance. 
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Increased Norepinephrine Release from Dog Pulmonary Artery 


Caused by Nitrous Oxide 


Duane K. Rorie, MD, PhD, Gertrude M. Tyce, PhD, and John C. Sill, MBBS 


RORIE DK, TYCE GM, SILL JC. Increased norepinephrine 
release from dog pulmonary artery caused by nitrous 
oxide. Anesth Analg 1986;65:560-4. 


The effects of nitrous oxide on the release and metabolism 
of norepinephrine (NE) at neuroeffector junctions in dog 
pulmonary artery were examined. Helical strips of artery 
were incubated in Krebs-Ringer solution containing L-PH)NE 
and mounted for superfusion. The arterial strips were stud- 
ied in the presence of 1) 95% oxygen-—5% carbon dioxide, 
2) 70% nitrogen~30% oxygen, or 3) 70% nitrous ox- 
ide-30% oxygen. During the 60 min of each experiment, 
five samples of superfusion fluid were collected for analysis 
and the effluxes of CH)NE and its radiolabeled metabolities 
were measured before and during electrical stimulation and 


Several studies have shown increased pulmonary vas- 
cular resistance concurrent with the administration of 
nitrous oxide (1-4), although other studies do not 
support this finding (5-7). The variability in findings 
may be attributed to differing conditions at the time 
nitrous oxide was administered, to different anes- 
thetic backgrounds, or in some instances, to preex- 
isting impairment of the circulatory system, including 
the presence of valvular heart disease (2,3) or elevated 
pulmonary vascular resistance (2,4). The pulmonary 
vasoconstrictive action of nitrous oxide seems more 
likely to be encountered when there are pathologic 
changes in the circulatory system (2,4,8). Reversal of 
the vasoconstrictive effect of nitrous oxide by the 
administration of the a-blocker phentolamine sug- 
gests that the sympathetic nervous system may be 
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during recovery from stimulation. (*H)Norepinephrine was 
separated from its metabolites in the superfusate and in 
extracts of artery by column chromatography and quanti- 
tated by liquid scintillation spectrometry. Nitrous oxide sig- 
nificantly increased the fractional loss of total radioactivity 
and the amount of NE in the superfusate both during resting 
conditions and during stimulation. Nitrous oxide had no 
effect on the proportions of radioactivity among metabolites 
of NE in the superfusate or on the profile of NE metabolites 
remaining in the tissue after experimentation. These find- 
ings are consistent with increased NE release as a direct 
effect of nitrous oxide on nerve endings. 


Key Words: ANESTHETICS, GAses—nitrous oxide. 
SYMPATHETIC NERVOUS SYSTEM-—nitrous oxide. 


involved in this action by nitrous oxide (8). How ni- 
trous oxide activates the sympathetic nervous system 
is unknown, although signs of sympathetic nervous 
system activation have been reported in human beings, 
dogs, and cats when nitrous oxide has been given 
(9-12). The present studies. were designed to deter- 
mine whether nitrous oxide might be causing pul- 
monary vasoconstriction by increasing release of nor- 
epinephrine (NE) or by increasing synaptic concen- 
trations of NE by an effect on metabolism of NE after 
its release. 


Methods 
Collection and Superfusion of Pulmonary Arteries 


Mongrel dogs (15-25 kg) of both sexes were anesthe- 
tized with intravenous pentobarbital (30 mg/kg). The 
thorax was opened, and the trachea, lungs, and heart 
removed en bloc. Lung parenchyma was removed 
from small tertiary arteries (2-4 mm diameter) se- 
lected randomly throughout the lung. Each artery was 
cut into a helical strip. The helical strips were incu- 
bated for 1 hr in Krebs—Ringer solution containing 
@H)NE (2 x 1077 M). The preparations were then 
suspended and superfused with Krebs—Ringer solu- 
tiori (13) at 2 ml/min in a constant-temperature; en- 
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closed superfusion chamber. Contractile tensions were 
measured by attaching the upper end of the vessel 
strip to a force-displacement transducer. The com- 
position of the Krebs-Ringer solution was: NaCl, 118.3 
mM; KCI, 4.7 mM; MgSO,, 1.2 mM; CaCh, 2.5 mM; 
NaHCoO;, 25.0 mM; glucose, 11.1 mM; and calcium 
disodium EDTA 0.026 mM. Krebs-Ringer solution 
made with this formula is normally aerated with pre- 
mixed 95% oxygen—5% carbon dioxide and has a pH 
of 7.40-7.45. When a high concentration of nitrous 
oxide or nitrogen is added to the premixed 95% ox- 
ygen—5% carbon dioxide aerating gas, alteration in 
carbon dioxide tension occurs and the pH increases 
to >8.0. To prevent the upward shift in pH, the for- 
mula for preparing the Krebs—Ringer solution was 
modified as described by Naito and Gillis (14). The 
ionic concentration and osmotic pressure of the mod- 
ified Krebs—Ringer solution are very close to those of 
regular Krebs-Ringer solution and, when aerated with 
70% nitrogen—30% oxygen or 70% nitrous oxide-30% 
oxygen, the pH was 7.40-7.42. 

In the studies described here, the superfusion fluid 
was pre-aerated with one of three gases: 1) 70% ni- 
trous oxide-30% oxygen, 2) 70% nitrogen-30% oxy- 
gen or 3) 95% oxygen-5% carbon dioxide. The gas 
used to aerate the superfusion fluid also filled the 
superfusion chamber. At the beginning of each study, 
a 90-min washout and equilibration period was al- 
lowed for each artery before samples of superfusate 
were collected for analysis. 

For electrical stimulation of adrenergic nerve end- 
ings, two platinum wires (0.5 mm diameter) were 
placed parallel to and in contact with the tissues; both 
strips and electrodes were superfused continuously. 


Electrical stimulation consisted of rectangular im- , 


pulses (10 V, 2-msec duration, 2 Hz) provided by a 
direct current power supply and a switching transis- 
tor triggered by a Grass stimulator. Preliminary stud- 
ies showed that this stimulation was supramaximal. 
In each experiment the superfusate was collected 
continuously over 60 min. Sample 1 was collected in 
the 6 min before electrical stimulation, sample 2 was 
collected during the 18 min of continuous electrical 
stimulation, sample 3 was collected during the 18-min 
interval immediately after electrical stimulation, sam- 
ple 4 was collected in the ensuing 12 min, and sample 
5 was collected in the last 6 min of the experiment. 
Changes in the efflux of @H)NE and its metabolites 
with time were studied in the samples of superfusate. 
At the end of the experiments, arteries were blotted 
dry, weighed, and immersed immediately for two 30- 
min periods in separate 5 ml aliquots of 1N acetic acid 
containing 0.03 mM disodium EDTA and 0.2 mg/ml 
ascorbic acid for extraction of total radioactivity. 
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Column Chromatography 


(H)Norepinephrine was separated from its metabo- 
lites in the superfusate by the method of Graefe et al. 
(15). Carrier substances, 0.1 mg each of NE, nor- 
metanephrine (NMN), 3,4-dihydroxymandelic acid 
(DOMA), 3,4-dihydroxyphenylglycol (DOPEG), 3- 
methoxy-4-hydroxymandelic acid (VMA), and 3- 
methoxy-4-hydroxyphenylglycol (MHPG), 0.02 mg of 
disodium metabisulfite, and 0.4 ml of 2N hydrochloric 
acid were added for each 12-ml sample of superfusate 
and to each extract of artery. The average recovery of 
10 ng of @H)NE added to extracts of superfusate was 
86.23 + 1.41% (mean + SE; n = 10). The precision 
of the method was tested by performing ten deter- 
minations of the amount of @H)NE and the metab- 
olites of @H)NE present in the same sample of su- 
perfusate collected during and immediately after 
electrical stimulation. The coefficients of variation for 
measurements of @H)NE and the metabolities of 
CH)NE were: NE, 6.20%; DOPEG, 1.02%; NMN, 6.70%; 
OMDA, 2.02%; and DOMA, 8.78% (16). 


Radioactive Measurements 


Aliquots (1 ml) of superfusate and of the effluents and 
eluates were added to 10 ml of Safety Solve (Research 
Products International), and the radioactivity was 
measured in a liquid scintillation counter. Corrections 
for quenching were made with an external standard. - 
The average counting efficiency was 35%. Samples 
were counted for 10 min or long enough to reach 
10,000 counts. 


Fractional Release Calculation 


The fractional rate of loss of radioactivity from the 
artery per time period was calculated by dividing the 
radioactivity in each superfusate by that present in 
the tissue. The amount of tritium in the tissue at any 
given time was calculated by adding to the amount 
of radioactivity remaining in the artery at the end of 
the study all the tritium collected in samples of su- 
perfusate from that time to the end of the sample 
collection. 


Analysis of Data 
All data are expressed on the basis of an artery weight 
of 100 mg to correct for variations in tissue weight. 
The mean weight of the tissues was 98.2 + 1.4 mg 
(+SE; n = 15). 

The data are expressed as means + SE. Statistical 
analyses of the data were performed with a two-way 


ne 
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analysis of variance and a Student's t-test; P values 


- less than 0.05 were considered significant. 


- Materials 


L-{Ring-2,5,6-"H] norepinephrine with a specific ac- 
tivity of 45 Ci/mmol obtained from New England Nu- 
clear (NET 678) was used in the experiments. 


Results 


Fractional Release of Total Radioactivity from 
Arteries During Superfusion 

The fractional release of radioactivity from arteries 
into superfusate of tissues studied in oxygen—carbon 
dioxide was not different from that of tissues studied 
in nitrogen and oxygen during the resting conditions 
preceding electrical stimulation, during electrical 
stimulation, or during the reestablishment of resting 
conditions following electrical stimulation (Fig. 1). In 
the group of tissues studied in nitrous oxide and ox- 
ygen, the fractional release of radioactivity was sig- 
nificantly greater during electrical stimulation and im- 
mediately afterwards than during the corresponding 
time periods in either of the other two groups of arteries. 


The Efflux of @H)NE and Radiolabeled Metabolites 
of NE from Pulmonary Artery during Resting 
Conditions in the Presence of Oxygen—Carbon 
Dioxide, Nitrogen—Oxygen, or Nitrous 
Oxide—Oxygen 


To determine whether nitrous oxide might also affect 
other NE dynamics at the neuroeffector junction (e.g., 
neuronal uptake of NE, extraneuronal uptake of NE, 
or the metabolism of NE), all of the superfusate col- 
lected throughout each experiment was subjected to 
column chromatography; unmetabolized NE was sep- 
arated from the metabolites of NE, and each was 
quantitated. In addition, the radioactivity remaining 
in the tissues at the end of the experiments was ex- 
tracted and fractionated by column chromatography 
into NE and the metabolites of NE. 

In the presence of oxygen and carbon dioxide GH)NE 
contributed only a small amount to the total tritium 
content of the superfusate collected from arteries dur- 
ing resting conditions preceding stimulation; the ma- 
jority of the tritium was present as the metabolites of 
(?H)NE (Fig. 2). The most prevalent metabolite during 
resting conditions was (7H)DOPEG, followed by 
CH)OMDA (O-methylated-deaminated compounds, 
a mixture of @H)VMA and (@H)MHPG); similar 
amounts of GH)NMN and @H)DOMA were present. 
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Figure _ 1. Effects of mixtures of nitrous oxide—oxygen, nitro- 
gen—oxygen, and oxygen—carbon dioxide on the fractional loss over 
time of radiolabeled compounds from strips of dog pulmonary 
artery prelabeled with @H)NE. Electrical stimulation (ES) at 2 Hz 
was applied between the sixth and twenty-forth minutes. Means 
+ SE, arteries from five dogs. *P < 0.05 for difference from artery 
exposed to 95% oxygen-5% carbon dioxide. 


Under resting conditions preceding electrical stimu- 
lation, the superfusates from arteries studied in ox- 
ygen and carbon dioxide or nitrogen and oxygen did 
not differ in the amounts of (7H)NE or in radiolabeled 
metabolites of NE. The superfusate from arteries stud- 
ied in nitrous oxide—oxygen contained a small but 
significantly greater amount of (*H)NE than the su- 
perfusates from the group of arteries studied in ox- 
ygen—carbon dioxide or in a mixture of nitrogen and 
oxygen. During resting conditions, the production of 
metabolites of NE was not altered significantly by 
nitrous oxide. 


The Efflux of @H)NE and the Metabolites of 
CH)NE during Electrical Stimulation of Tissues in 
the Presence of Oxygen—Carbon Dioxide, 
Nitrogen—Oxygen, or Nitrous Oxide-~Oxygen 

The overflow of total radioactivity, GH)NE, and the 
metabolites of NE increased: markedly with electrical 
stimulation in all arteries (Fig. 2). In the group of 
arteries studied in nitrous oxide—oxygen, overflow of 
(7H)NE was significantly greater than in the control 
groups studied in oxygen—carbon dioxide or in a com- 
bination of nitrogen—oxygen. Overflow of @H)OMDA 
was greater in tissues exposed to nitrous oxide than 
in tissues exposed to either oxygen—carbon dioxide or 
nitrogen—oxygen. The metabolite @H)DOMA was 
produced in increased amounts in the presence of 
nitrous oxide as compared to its production in the 
group of arteries exposed to oxygen—carbon dioxide. 
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Figure 2. Changes in the efflux of (H)NE and its metabolites be- 
fore, during, and after electrical stimulation (ES) at 2 Hz of strips 
of dog pulmonary artery superfused with Krebs-Ringer solution 
and aerated with 95% oxygen-5% carbon dioxide or 70% nitro- 
gen-30% oxygen or 70% nitrous oxide—30% oxygen. Electrical stim- 
ulation was applied between the sixth and twenty-fourth minutes. 
Values for superfusate shown on left side of figure; those for tissues 
after completion of superfusion on right of figure. NE, norepi- 
nephrine; DOPEG, 3,4-dihydroxyphenylglycol; OMDA, a mixture 
of 3-methoxy-4-hydroxyphenylglycol and 3-methoxy-4-hydroxy- 
mandelic acid; NMN, normetanephrine; DOMA, 3,4-dihydroxy- 
mandelic acid. Values are means + SE; arteries were taken from 
five dogs. * P < 0.05 for differences from comparable time intervals 
of 95% oxygen—5% carbon dioxide group; t P < 0.05 for significant 
difference from 70% nitrogen—30% oxygen group. 


In the superfusate samples collected after the discon- 
tinuation of electrical stimulation, changes in the lev- 
els of (H)NE or NE metabolites were detected only 
in the arteries studied in the presence of nitrous ox- 
ide-oxygen where the (°H)NE in superfusate was 
greater than in the arteries studied in the presence of 
oxygen-—carbon dioxide. 

Among the three groups of vessels studied, no sig- 
nificant differences were noted in the levels of (H)NE 
and its metabolites remaining in the tissue at the end 
of superfusion (Fig. 2). 


Contractile Tensions Developing in Response to 
Electrical Stimulation of Pulmonary Artery in the 
Presence of Oxygen—Carbon Dioxide, 
Nitrogen—Oxygen, Nitrous Oxide—Oxygen 

The mean maximum contractile tensions (+ SE) during 
electrical stimulation were as follows: 0.97 + 0.12 g/100 
mg in arteries aerated with oxygen—carbon dioxide, 
1.33 + 0.40 g/100 mg in arteries aerated with nitro- 
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gen—oxygen, and 1.36 + 0.28 g/100 mg in arteries 
aerated with nitrous oxide-oxygen, (n = 5 tis- 
sues/group). These differences were not statistically 
significant. 


Discussion 


In the presence of nitrous oxide, the increased amount 
of NE measured in the superfusate of isolated seg- 
ments of dog pulmonary artery under resting con- 
ditions and during electrical stimulation of nerve end- 
ings could result from any of several possible actions 
by nitrous oxide. Such actions include increased re- 
lease of NE, reduced uptake of NE from the synaptic 
cleft into nerve endings (neuronal uptake) or into ex- 
traneuronal tissues [smooth muscle and endothelial 
cells (extraneuronal uptake)], impaired vesicular stor- 
age of NE after NE synthesis or neuronal uptake, or 
impaired enzymatic breakdown of NE after uptake of 
NE into nerves or extraneuronal tissues. 

That the cause of the increased NE in the super- 
fusate was increased release from the nerve ending 
is supported by both the data showing a nitrous oxide- 
induced increase in fractional release of NE and the 
data on disposition of NE obtained by fractionating 
the radioactivity into NE and the metabolites of NE 
using column chromatography. In these latter stud- 
ies, the presence of DOPEG, the metabolite of NE 
produced intraneuronally (17), in an amount at least 
equal to that produced in controls indicates that the 
increased overflow of NE caused by nitrous oxide was 
not the result of blockade of neuronal uptake of NE 
or of impaired intraneuronal metabolism of NE. Sim- 
ilarly, the presence of metabolites of NE of extraneu- 
ronal origin (OMDA, NMN and DOMA) (17) in 
amounts at least equal to the amounts of these me- 
tabolites produced in controls indicates that the ex- 
traneuronal uptake and subsequent metabolism of NE 
was not affected by nitrous oxide. Because the pro- 
portions of the metabolites of NE were not changed 
during exposure to nitrous oxide, the statistically in- 
creased amounts of OMDA and DOMA and the in- 
creased, albeit not statistically significant, amounts of 
NMN and DOPEG are likely a consequence of the 
increased amounts of NE that were available in the 
synaptic cleft to be taken up by the uptake processes. 
Thus it appears that nitrous oxide increases the re- 
lease of NE from the nerve endings but has little effect 
on the processes that clear NE from the synaptic cleft 
or on the enzymes that degrade NE after its uptake. 
If this action is widespread throughout the vascula- 
ture, it might be the factor underlying the increase in 
urine and plasma catecholamines and the clinical signs 
of activation of the sympathetic nervous system that 


have been reported to be associated with the use of 
nitrous oxide (9-12). 

Our studies did not allow us to determine the 
mechanism by which nitrous oxide causes release of 
NE from the nerve ending. Previous studies have in- 
dicated that hypoxia increases the release of NE (18-19) 
in addition to decreasing the metabolism of the re- 
leased NE (18). We do not believe hypoxia can explain 
the present findings because the oxygen tension in 
. the tissues exposed to nitrous oxide—-oxygen was not 
different from the oxygen tension in the tissues ex- 
posed to nitrogen—oxygen, although the oxygen ten- 
sions of both of these groups were below the oxygen 
tension of tissues exposed to oxygen—carbon dioxide. 

When NE was released from similar segments of 
dog pulmonary artery by 2 Hz stimulation and the 
concentration of NE in the synaptic cleft was in- 
creased by blockade of neuronal and extraneuronal 
uptakes, increased contractile response was seen (20). 
Furthermore, increasing concentrations of exogenous 
NE or increasing frequencies of stimulation result in 
dose/frequency-dependent increases in contractile re- 
sponses (21-23). Thus in the present studies we would 
have expected the increased NE release to produce 
increased contractile responses. The failure to detect 
a significant increase in contractile tension concomi- 
tant to the increase in NE measured in the superfusate 
is, therefore, puzzling. It is important to note that 
2 Hz stimulation does not produce a maximal con- 
traction in this preparation, thus additional NE in the 
synaptic cleft should theoretically enhance the con- 
tractile response of the vessel segments. However, it 
is possible that the background muscular tone caused 
by 2 Hz stimulation of isolated segments of pulmo- 
nary artery exceeds the tone present in in vivo pul- 
monary artery so that the same nitrous oxide-induced 
increase in NE more consistently produces vasocon- 
striction in vivo than in the in vitro segments studied 
here. 
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Cardiovascular and Cerebrovascular Effects of Isoflurane-Induced 


Hypotension in the Baboon 


Hugo Van Aken, Dr med, William Fitch, PhD, FFARCS, David I. Graham, PhD, FRCPath, 
Thomas Brüssel, Dr med, and Hermann Themann, PhD 


VAN AKEN H, FITCH W, GRAHAM DI, BRUSSEL T, 
THEMANN H. Cardiovascular and cerebrovascular effects 
of isoflurane-induced hypotension in the baboon. Anesth 
Analg 1986;65:565~-74. 


Mean arteria! pressure (MAP) decreased by 10, 20, 40, and 
50% of its baseline value in six anesthetized baboons with 
the administration of increasing concentrations of isoflur- 
ane. Mean arterial pressure, right atrial pressure, pulmo- 
nary artery pressures, and cardiac output were measured 
at each decrement in arterial pressure, and after the with- 
drawal of the isoflurane. At the same times, cerebral blood 
flow, the cerebral metabolic rate for oxygen, and the cerebral 
metabolic rate for glucose were determined. Cerebrovascular 
reactivity was assessed before, during, and after the admin- 
istration of isoflurane, and morphologic evidence of ischemic 
cell change was sought at the end of the investigation. Iso- 


flurane produced dose-related decreases in systemic vascular 
resistance and MAP; heart rate, cardiac output, and stroke 
volume did not change significantly. Although cerebral me- 
tabolism was depressed in a dose-related manner, the re- 
sponse of the cerebral blood flow (CBF) was biphasic. At 
low isoflurane concentrations, CBF decreased significantly 
and then increased to reach baseline values at the highest 
concentration. Cerebrovascular reactivity was intact at base- 
line and at the 20% decrement in MAP; it was impatred 
at the 50% decrease in MAP and when studied 100 min 
after the withdrawal of isoflurane. There was no morphologic 
evidence of ischemic cell damage in any animal. 


Key Words: ANESTHETICS, voLaTILE—isoflurane. 
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——blood flow. 





Although the administration of isoflurane, like that 
of halothane and enflurane, produces a decrease in 
cerebrovascular resistance, quantitative differences 
appear to exist among the three drugs. At equal MAC 
concentrations, the vasodilatotory effects of isoflur- 
ane are less marked than those of the other two agents 
(1,2). Consequently, isoflurane has been considered 
appropriate for use during neurosurgical procedures, 
and recent studies have described its use in patients 
with intracranial aneurysms (3) or intracranial space- 
occupying lesions (4,5). However, the fact that iso- 
flurane does directly affect the smooth muscle of the 
cerebral blood vessels suggests that, like other direct- 
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acting vasodilators such as halothane (6), sodium ni- 
troprusside (7), nitroglycerine (8) or adenosine tri- 
phosphate (9), it could affect the normal physiologic 
relationship between blood flow and arterial pressure 
within the cerebral circulation. The present study was 
undertaken to evaluate, in the subhuman primate, 
the systemic and cerebrovascular responses to the 
administration of increasing inspired concentrations 
of isoflurane as a hypotensive agent and to consider, 
in particular, its effect on cerebrovascular reactivity. 


Methods 


Because the basic methods employed in this study 
have been described in detail previously (9), only those 
features considered essential to an understanding of 
this particular study will be included here. After tran- 
quillization (phencyclidine, 12 mg intramuscularly), 
anesthesia was induced in six young adult baboons 
with thiopental, 7.5 mg/kg intravenously, and then 
maintained subsequently with 70% nitrous oxide in 
oxygen supplemented with phencyclidine (0.15 
mgkg ‘min`! intravenously). Succinylcholine (50 mg 
intramuscularly) was administered every 30 min to 
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provide neuromuscular blockade. The trachea was in- 
tubated and ventilation adjusted, if necessary, to pro- 
vide carbon dioxide tension between 38 and 42 mm 
Hg, as assessed by the continuous measurement of 
end-tidal carbon dioxide concentration and the inter- 
mittent analysis of blood gas tensions. 

After the placement of appropriate catheters, sys- 
temic arterial, right atrial, pulmonary arterial (5 French 
gauge, Edwards Laboratories), sagittal sinus, and 
subdural (intracranial) pressures were monitored con- 
. tinuously (Statham P23 ID ‘transducers zero-refer- 
. enced to the level of the external auditory meatus). 
Pulmonary capillary wedge pressure and cardiac out- 
put (CO) (thermodilution technique: 2 ml cold Dex- 
trose 5% solution) were measured when indicated. 
Mean pressures were calculated as the diastolic pres- 
sure plus one-third of the pulse pressure, cerebral 
perfusion pressure (CPP) as mean arterial pressure 
(MAP) minus mean intracranial pressure, systemic 
vascular resistance (SVR) (dyn-sec-cm~°) as 


mean arterial _ mean right 


pressure atrial pressure con 


cardiac output 


and pulmonary vascular. resistance (PVR) (dyn- 
seccm ~°) as 


mean pulmonary _ mean pulmonary ,. 80 
arterial pressure capillary pressure 


cardiac output. 


Mean cerebral blood flow (CBF) was determined from 
the height/area equation (10), by monitoring the peak 
counts obtained and the rate of clearąnce of xe- 
non‘, after its injection into the internal carotid 
artery. Cerebrovascular resistance (CVR) (mm 
Hg-ml~*.100 gmin) was calculated as 


Oxygen contents and glucose concentrations were 
measured in arterial and cerebral venous blood, and 
the cerebral metabolic rates for oxygen (CMRO,) and 
glucose. (CMRegluc) were calculated. 


CMRO, = CBF x (CaO, — CvQd2) 
CMRegluc = CBF x (AV) Degluc. 


Once stable baseline values had been achieved, MAP 
was decreased stepwise to 90, 80, 60, and 50% of its 
baseline value in each animal by the administration 
of increasing concentrations of isoflurane (calibrated 
Tec vaporiser, Cyprane). Each decrement in pressure 
was maintained for approximately 45 min, during 
which time CBF was measured, cardiac output de- 
termined, the relevant hemodynamic variables re- 
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corded and the appropriate samples of arterial and 
cerebral venous blood obtained. After the discontin- 
uation of the administration of isoflurane, these same 
variables were recorded at 30-min intervals until the 
baseline values of MAP had been regained. 

Throughout each investigation, the end-tidal con- 
centration of isoflurane was monitored continuously 
with an infrared analyzer (Engström, Emma) and its 
concentration in plasma measured intermittently based 
on the GLC technique (Pye 204 Chromatograph) de- 
scribed by Allott et al. (11). The physiologic respon- 
siveness of the cerebral circulation was assessed by 
noting the change (if any) in CBF, produced by an 
acute increase in MAP of around 20 mm Hg (induced 
by the intravenous administration of angiotensine II 
amide (Ciba)), before the addition of the isoflurane to 
the inspired gas mixture, at the 20% decrease in MAP, 
at the 50% decrease in MAP, and at 100 min after the 
withdrawal of the isoflurane. Systemic administration 
of angiotensin itself has no effect on CBF (12). 

At the end of the procedure the animals were placed 
supine, and after heparinization (100 IU/kg) a thora- 
cotomy was performed. Biopsies of ventricular muscle 
were taken for electron microscopy, and after per- 
fusion fixation (13) the brain was subjected to a full 
neuropathologic examination. The biopsies of ven- 
tricular muscle were fixed in 3.5% glutaraldehyde (2 
hr at 4°C). After rinsing in phosphate buffer, fixation 
was continued in 1.33% OsO, for another 2 hr. After 
dehydration in graded concentrations of alcohol, the 
tissue was embedded in Epon 812 and the sections 
stained with uranyl-acetate and lead citrate. 

Mean values and standard deviations were calcu- 
lated for each variable, and the effects associated with 
each alteration in MAP were compared (Friedman test). 
P = 0.05 was considered significant. 


Results 
Cardiovascular Variables 


Changes in the systemic circulation observed during 
and after the administration of isoflurane are sum- 
marized in Table 1. The required stepwise decreases 
in MAP were achieved easily by the administration 
of increasing concentrations of isoflurane: MAP de- 
creasing from its baseline value of 103 mm Hg (+ 14) 
to 93 mm Hg (+ 13), 82 mm Hg (+ 11), 62 mm Hg 
(+ 8) and 53 mm Hg (= 6) as the end-expired con- 
centration of isoflurane increased from 0 to 0.24% 
(+ 0.18), 0.5% (+ 0.35), 0.95% (+ 0.7), 1.4% (+ 1.0). 

Once the desired level of hypotension had been 
achieved, only minimal adjustments of the inspired 
concentration were necessary to maintain this value 
for the subsequent 45 min. After the withdrawal of 
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isoflurane, MAP increased slowly, and baseline val- 
ues were attained fully after 60 min. There was no 
evidence of rebound hypertension. The decrease in 
MAP was due entirely to a dose-dependent and sig- 
nificant decrease in SVR, because cardiac output (CO) 
did not change. Heart rate and stroke volume re- 
mained close to their baseline values, and there were 
no significant changes in pulmonary artery, right atrial 
or pulmonary capillary wedge pressures. 


Cerebrovascular Variables 


Decrease in mean arterial pressure (Table 2). Initially, 
as MAP was decreased moderately (21 + 2%) by low 
concentrations of isoflurane (0.5 + 0.35 vol%), mean 
CBF decreased from 48 + 4 mlmin™?-100 g~! to 
35 + 4 mlmin™ 1.100 g~t (28 + 6%) (P = 0.05). This 
decrease was in line with the induced decreases in 
the çerebral metabolic rate for oxygen—from 3.64 + 
1 mi O >min~+.100 gt to 2.56 + 0.6 ml Ovmin~ 1-100 
g7! (P > 0.05). 


0 
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Figure 1. Cerebral blood flow (CBF) and cere- 
bral metabolic rate for oxygen (CMRO,) at dif- 
ferent levels of hypotension during increasing 
concentrations of isoflurane, and 85 min after 
the withdrawal of isoflurane. Mean values + 
SD (n = 6). X indicates P s 0.05. 


85 min after tsoflurane 


At the two most marked decreases in MAP (40 + 
2% and 49 + 2%), and in association with the two 
highest concentrations of isoflurane (0.95 + 0.7 vol% 
and 1.4 + 1 vol%), CBF increased (38 + 5 ml-min~ +100 
g`; 46 + 6 ml-min™~?100 g~?) but did not exceed its 
initial control value. On the other hand, CMRO, con- ` 
tinued to decrease, reaching 1.78 + 0.8 ml Ozmin~ 1.100 
g`? (P = 0.05) as the isoflurane concentration in- 
creased, After the withdrawal of the isoflurane, and 
in association with the resultant increase in MAP, CBF 
increased to above its baseline value, an increase that 
was at its highest (58 + 12 ml-min~’-100 g~*) 30 min 
after the discontinuation of the isoflurane. However, 
because of the variability between the individual an- 
imals, this increase was not significant (P > 0.05) (Fig. 
1). Eighty-five minutes after the withdrawal of iso- 
flurane, CBF had returned to its baseline value (MAP 
105 mm Hg + 14). Because there were no significant 
changes in intracranial pressure (ICP) and sagittal si- 
nus venous pressure (SSVP) (P > 0.05), decreases in 
CPP could only be due to the decreases in MAP. 
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20 


Figure 2, Changes in CBF (A CBF) during acute 

increase in systemic arterial pressure produced 15 
by intravenous administration of angiotensine 
ll before, during, and after administration of 
isoflurane. 

A CBF is the difference in CBF before and 
during an acute increase in MAP of approxi- 
mately 20 mm Hg. 

When the cerebral autoregulation is intact, 
this increase in MAP does not change CBF. 

Autoregulation was intact before and dur- 
ing the lower concentration of isoflurane at 
the 20% decrement in MAP, but it was im- 
paired significantly by the time MAP had been 
decreased to 50% of baseline by higher con- 
centrations of isoflurane. Even 100 min after 
withdrawal of isoflurane, changes in CBF were 
elevated but not significant. 

Mean values + SD. X indicates P = 0.05. -5 


10 


A CBF (ml miñ” 100g) 
un 


Baseline 


Acute increases in mean arterial pressure (Fig. 2, Table 
3). Because CBF did not differ significantly from its 
baseline value, when MAP was increased acutely (by 
approximately 20 mm Hg) before the administration 
of the isoflurane, or at the 20% decrease in MAP, it 
can be assumed that the cerebral vessels were re- 
sponding in a physiologic manner to the acute alter- 
ations in systemic arterial pressure. However, at the 
50% decrease in MAP, similar acute increases in MAP 
were accompanied by marked increases in CBF (P = 
0.05) and these were present also in four of the ani- 
mals 100 min after the withdrawal of isoflurane. 


Isoflurane Concentrations 


End-tidal concentrations of isoflurane and plasma iso- 
flurane concentrations at the different levels of MAP 
are summarized in Table 4. 


Neuropathology 


Macroscopic observations. The brains of all animals 
appeared normal externally. After slicing, the brains 
of all six animals appeared uniformly blanched, in- 
dicating that perfusion had been satisfactory. There 
was no evidence of brain swelling, and internal her- 
niations were not seen. Small areas of hemorrhage 
were seen in the brain slices of three animals in areas 
adjacent to the tip of the subdural catheter. 


Microscopic observations. The brains of all six ani- 
mals showed histologic evidence of good tissue fix- 
ation. The cytologic artifacts, the “dark cell” and ““hy- 
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MAPYS0% 
(b+ 1 vol%) 


MAP $20% 
(0,5 + 0,35vol%) 


During Isoflurane induced 
Hypotension 


100 min after 
Hypotension 


dropic cell” were not seen (14,15). In three animals 
there was histologic evidence of focal ischemic brain 
damage of the type described previously in FAM- 
fixed material (15,16). In two of these animals, the 
ischemic damage was associated predominantly with 
hemorrhage due to catheterization. In addition, how- 
ever, there were two animals in which focal ischemic 
damage was present in the striatum. 

In none of the animals was there evidence of dif- 
fuse hypoxic brain damage or of ischemic damage in 
the selectively vulnerable areas. In none of the ani- 
mals was there histologic evidence of raised intra- 
cranial pressure (17). 

The pattern of abnormalities (hemorrhage and is- 
chemic necrosis) suggests that it can all be accounted 
for by operative procedures. If this is correct as far as 
the first three animals are concerned, then the brains 
of all six animals can be considered normal, i.e., there 
is no histologic evidence of hypoxic damage. 


Electron microscopy of heart muscle (Fig. 3). The or- 
ganization of cristae mitochondriales appeared nor-. 
mal and, in comparison with normal heart muscle 
tissue, the number of cristae mitochondriales was not 
reduced. There was no evidence of any alteration in 
the heart muscle cells. The organization of the heart 
myofibrils was normal. 


Discussion 
Rapid and dose-related decreases in systemic arterial 


pressure were produced readily by the administration 
of increasing concentrations of isoflurane, and were 


ANESTH ANALG 


570 
, 1986;65:565-74 


i WE 
whee 
re ar 

os 


` 

m + 

ae š 

a i . 
oe 


VAN AKEN ET AL. : 


al . 


Table 3. Changes in CBF in the Individual Baboon during Acute Increases in Systemic Arterial Pressure 


Isoflurane-induced hypotension (changes in CBF, ml-min~*100g~*) sd 7 


Number of baboons 


AO ot mem GF NR 
| 
GI 


Mean +£ SD — 0.83 + 4.62 


Acute increases in 


were induced by the administration of angiotensine II amide before the administration of isoflurane 


During Ee 
| 20% MAP | 50% MAP After . 
3 16 14 
9 17 6 
12 25 10 
0 16 5 
5 14 12 
2 10 13 
4.5 + 5.32 16.33 + 4.928 10 + 3.74 


+ 22 + 6mm 


pressure (MAP 
Hg), during the administration of low concentrations of isoflurane once MAP had been decreased approximately 20% of control (19 + 1 mm Hg), during 
higher concentrations of isoflurane once MAP had been decreased 50% of control (20 + 2 mm Hg), and again 100 min after discontinuing the isoflurane 


once CBF had returned to control value (21 + 3 mm Hg). 
‘Individual, mean values, and sp; P s 0.05. 


Table 4. Plasma Isoflurane Concentrations" 


End-tidal 
Plasma—isoflurane concentration 
concentration of isoflurane 
Decrease in MAP (%) (mg/100 ml) (vol %) 
0 (baseline) ND 0 
10 0.33 + 0.2 0.24 + 0.18 
20 1.36 + 0.48 0.5 + 0.35 
40 2.48 + 0.61 0.95 + 0.7 
50 3.64 + 0.47 1.4 + 1.0 
10% after withdrawal 0.57 + 0.12 0.05 + 0.08 
of isoflurane 
Baseline 0.27 + 0.16 0 
Baseline 


ND 0 
‘Mean + sp. ND, not detected. l 


maintained easily by minor adjustments of inspired 
concentration. After the withdrawal of the isoflurane, 
the arterial pressure returned steadily towards its 
baseline value; there was no evidence of rebound 
hypertension. 

Because nitrous oxide, succinylcholine, and phen- 
cyclidine were given during the entire experiment, 
we cannot totally discount the possibility of some in- 
fluence of these agents on systemic and cerebrovas- 
cular hemodynamics. However, because the baseline 
measurements and all measurements during and after 
withdrawal of isoflurane were obtained under similar 
anesthetic conditions, it seems likely that the ob- 
served changes can be ascribed to isoflurane. Previ- 
ously, investigations revealed that the basic anesthetic 
technique (N2O and phencyclidine) does not influ- 
ence the cerebral circulation (6, 18). 


General Cardiovascular Considerations 


The isoflurane-induced decreases in MAP were due 
to systemic vasodilation, as reflected in the progres- 


sive decreases in SVR. Neither CO nor stroke volume 
changed significantly, even with the highest of the 
concentrations administered. Although, like the other 
commonly-used volatile anesthetic agents, isoflurane 
decreases myocardial contractility in vitro (19), a num- 
ber of in vivo studies in volunteers (20) and patients 
(2,21) support the belief that concentrations of iso- 
flurane up to 2 x MAC have little effect on CO. How- 
ever, one must also consider the possibility of there 
being some depression in vivo of the myocardium by 
isoflurane because CO did not increase despite a de- 
crease in afterload and an unchanged preload (22). 
It is argued that this maintenance of CO is due to 
an associated increase in heart rate (23,24) that com- 
pensates for small decreases in stroke volume. In the 
present study there were no significant changes in 
either of these variables. It may be that the stability 
of heart rate can be explained by the provision of 
neuromuscular blockade, the preoperative tranquili- 
zation, the basic technique of anesthesia, or the age 
of the animals (25,26). Whatever the mechanism, lack 


of a reflex tachycardia during the period of isoflurane- 


induced hypotension was notable. 

Despite the rather prolonged duration of hypoten- 
sion (approximately 3.5 hr), no abnormalities could 
be detected by electron microscopy in the ultrastruc- 
ture of the myocardial cells. This is similar to the 
findings after hypotension induced with nitroglycerin 
but is in sharp contrast to those observed in associ- 
ation with nitroprusside-induced hypotension of sim- 
ilar degree and duration (27). 


Cerebrovascular Considerations 


The most striking effect of isoflurane on the cerebral 


circulation was the biphasic pattern of the changes in 
cerebrovascular resistance: the lower concentrations 
inducing vasoconstriction, the two higher concentra- 
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Figure 3. Electronmicroscopic picture of heart muscle cell after isoflurane-induced hypotension (1/48,400). There is no evidence of alteration 
of the heart muscle cells. There are no signs of hypoxic damage. 


tions associated with vasodilatation. Like halothane 
and enflurane, isoflurane decreases the oxygen con- 
sumption of the brain (28-31). This characteristic of 
isoflurane was confirmed in the present study; and, 
as a result, the initial decreases in cerebral blood flow 
can be understood readily. A smaller supply is ade- 
quate to meet the lower demand for oxygen. Under 
these circumstances, the normal coupling between 
flow and metabolism was evident. This is in contrast 
to halothane, where even at low concentrations (0.5 
vol%), CBF increases whereas CMRO) decreases (32). 
Also in evidence during the first phase (isoflurane 
concentrations approximately 0.5-1 x MAC) was the 
physiologic nature of the relationship between cere- 
bral blood flow and perfusion pressure. Blood flow 
did not change significantly from baseline despite the 
acute increase in MAP. This unaffected autoregula- 
tion during 1 MAC isoflurane anesthesia could not 
be observed during equal levels of halothane and en- 
flurane. However, during 0.5 MAC, none of the three 


agents alter cerebral autoregulation (33). The obser- 
vation of a significant decrease in CBF at the lowest 
concentrations of isoflurane is quite different from 
those obtained previously when other “hypotensive” 
agents—halothane, sodium nitroprusside, nitroglyc- 
erin, adenosine triphosphate—were studied in a sim- 
ilar animal model (6,8,9). Although there was a sug- 
gestion that CBF might be less than baseline during 
the administration of low concentrations of halothane 
the change did not reach statistical significance (6). 
The most marked changes, however, were associated 
with the administration of low doses of the other two 
drugs. In the animals receiving sodium nitroprusside, 
CBF had increased by 16% at an MAP of 85 + 2mm 
Hg, and in those receiving nitroglycerin the increase 
in CBF was 40% at a similar MAP value (8). 

As the inspired concentration of isoflurane was in- 
creased further, to achieve the 40% and 50% decre- 
ments in MAP, the cerebral metabolic demand for 
oxygen decreased to a value roughly 50% of its base- 
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line value at an end-expiratory isoflurane concentra- 
tion of 0.95 + 0.7%. There was no further significant 
change at the highest concentration. Cerebral blood 
flow, on the other hand, increased to reach a mean 
value (at an MAP of 53 + 6 mm Hg) not significantly 
different from baseline. From the arguments put for- 
ward earlier, it will be obvious that in this second 
phase there was an uncoupling of the relationship 
between flow and metabolism: the direct vasodilator 
actions of the higher concentrations of isoflurane pre- 
dominating over the effects of the decrease in oxygen 
demand. Whether CBF would have increased further 
had we continued to increase the concentration of 
isoflurane cannot, of course, be defined from this study. 
However, because CBF was pressure passive in this 
second phase, (Fig. 2), any further increase would 
seem unlikely. The effects of the consequent decrease 
in arterial pressure predominate over any additional 
dilator effect of higher concentrations of isoflurane. 
However, this consideration allows us to explain some 
of the differences (and some of the similarities) be- 
tween the findings of other workers and our own 
because it seems likely that at concentrations greater 
than about 2 x MAC isoflurane, the absolute value 
of CBF is more dependent on arterial pressure than 
on the isoflurane concentration. For example, the small 
increases in CBF reported by Cucchiara et al. (29) can 
be explained by the slightly higher value of MAP ob- 
tained in that study during the administration of iso- 
flurane, 1.4%. Likewise, in the study by Murphy et 
al. (1), the observed increases in CBF are perfectly 
understandable when one appreciates that systemic 
arterial pressure was maintained close to its baseline 
value throughout the administration of the increasing 
concentrations of isoflurane in that investigation. It 
is more difficult to reconcile the marked decrease in 
CBF (60%) noted by Newberg et al. (34) in association 
with an isoflurane-induced decrease in MAP to 50 mm 
Hg. Interestingly enough, however, the absolute value 
of CBF obtained by Newberg et al. at an MAP of 50 
mm Hg (49 + 6 ml-min~+-100 g`?) was almost iden- 
tical with the value obtained in the present study 
(46 + 6 ml-min~?.100 g~') at an MAP of 53 + 6 mm 
Hg. One is left with the impression that the baseline 
conditions must have differed between their study 
and ours. Certainly, the anesthetic techniques were 
different, and it could be argued that the animals 
studied by Newberg et al. were in a hyperdynamic 
circulatory state at the start of investigation with un- 
usually high values for cardiac index (3.20 + 0.26 
Lanin~'m7~?) and CBF (122 + 20 ml-min~’-100 g~’). 

In the present study the highest values of CBF (and 
SSVP) were obtained in the period after the discon- 
tinuation of the administration of the isoflurane. Un- 


VAN AKEN ET AL. 


fortunately, the variability in CBF among the animals 
was such that no significant differences emerged. Thus 
it would be wrong to place too much emphasis on 
these changes. Nevertheless, it does appear likely that 
the mechanism behind the increases in CBF was the 
steady return of the MAP to its baseline value. More- 
over, changes in CBF produced by an acute increase 
in MAP during the highest concentration of isoflurane 
(1.4 + 1.0 vol%) and in four of the animals 100 min 
after the withdrawal of the isoflurane clearly dem- 
onstrate that the cerebral vessels were responding 
passively to alterations in MAP. This indicates that at 
this time the normal responsiveness of the cerebral 
circulation was impaired, and that the cerebrovascular 
bed was pressure passive in four of the animals after 
the withdrawal of isoflurane. We cannot precisely de- 
termine whether the alteration in reactivity at this 
point in the investigation was the result of the effect 
of isoflurane on cerebrovascular smooth muscle, of 
local tissue acidosis from an inadequate oxygen sup- 
ply, or of a combination of both mechanisms. How- 
ever, the first explanation seems the most likely for 
a number of reasons. First, as demonstrated, isoflur- 
ane depresses the cerebral requirement for oxygen 
and has been considered to have “protective” poten- 
tial (35). Second, at no time in the investigation did 
CBF decrease to values that could be considered ische- 
mic. Admittedly, the technique used in the deter- 
mination of CBF was unable to measure CBF on a 
regional basis and, consequently, could neither dem- 
onstrate any regional nonhomogeneity in flow nor 
assess the absolute values of CBF in the arterial boun- 
dary zones. However, the study did demostrate that 
there was no morphologic evidence of ischemic cell 
change in these areas. Third, Michenfelder and Theye 
(36) were unable to demonstrate biochemical evidence 
of cerebral tissue hypoxia in dogs subjected to halo- 
thane-induced hypotension until MAP had been de- 
creased to about 40 mm Hg; a decrease from baseline 
MAP of at least 65%. In a later, similar study, they 
found that under isoflurane-induced hypotension to 
an MAP of 40 mm Hg, cerebral energy state was nor- 
mal (34). However, these arguments are not conclu- 
sive, and further studies would be required to answer 
the question definitively. 

Glucose metabolism was not adversely affected 
during the administration of isoflurane; even at the 
lowest value of arterial pressure studied there was no 
evidence of anaerobic glycolysis in the brain. Systemic 
plasma glucose concentrations did not change 
throughout the investigation, showing that isoflurane 
per se did not increase plasma glucose concentrations. 
Consequently, the administration of isoflurane would 
be unlikely to provide additional substrate should the 
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drug be administered in a patient with an ischemic 
focus (37). 


Clinical Considerations 


It would appear from this study that the administra- 
tion of low concentrations of isoflurane (possibly the 
equivalent of up to 1 MAC) produces controllable de- 
creases in MAP, a dose-related depression of cerebral 
metabolism, and the preservation of the physiologic 
relationships between flow and pressure and between 
flow and metabolism. With higher concentrations, the 
direct vasodilator effects of isoflurane predominate. 
CBF increases, and autoregulation is impaired (in a 
situation in which there was no evidence of intra- 
cranial pathology). From a practical point of view this 
means that when higher concentrations are admin- 
istered, the cerebral blood vessels cannot adapt nor- 
mally to alterations in arterial pressure, and any acute 
alteration in systemic arterial pressure will be re- 
flected by directionally similar changes in flow. This 
need not be disadvantageous in that the anesthetist 
could, under such circumstances, manipulate the flow 
to the brain by modulation of arterial pressure. 

In conclusion, we would like to make two points. 
First, this investigation was carried out on young adult 
animals with normal hearts and no evidence of intra- 
cranial pathology. All of these animals were shown 
to be autoregulating normally at the start of the in- 
vestigation. Thus one cannot extrapolate the present 
finding to patients in whom autoregulation is im- 
paired. And second, the increases in the concentra- 
tions of isoflurane (and the consequent decreases in 
MAP) were produced gradually, over a relatively long 
period of time. In the present study intracranial pres- 
sure did not change substantially at any point, pre- 
sumably because the intracranial contents had both 
the time and the space in which to compensate. We 
have some evidence that this may not be the case 
(unpublished observations) when the isoflurane con- 
centration is increased more rapidly. 
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Pharmacokinetics of Inhaled Anesthetics in Humans: 


Measurements during and after the Simultaneous Administration of 
Enflurane, Halothane, Isoflurane, Methoxyflurane, and Nitrous Oxide 


Randall L. Carpenter, MD, Edmond I. Eger 0, MD, Brynte H. Johnson, AB, 
Jashvant D. Unadkat, PhD, and Lewis B. Sheiner, MD 


CARPENTER RL, EGER EI 1, JOHNSON BH, 

UNADKAT JD, SHEINER LB. Pharmacokinetics of inhaled 
anesthetics in humans: measurements during and after 
the simultaneous administration of enflurane, halothane, 
isoflurane, methoxyflurane, and nitrous oxide. Anesth 
Analg 1986;65:575-82. 


To determine the relative washin and washout character- 
istics of isoflurane, enflurane, halothane, and methoxyflur- 
ane, we administered all four anesthetics simultaneously 
(total = 1.1 IMAC) to nine healthy patients for 2 hr. Con- 
centrations of anesthetics in end-tidal gases were measured 
during washin and for 5~9 days during washout. Multiex- 
ponential (multicompartment) models were fit to the washin 
and washout curves using least-squares analysis. Slowly 
equilibrating compartments could only be identified during 


Current data defining the pharmacokinetic properties 
of inhaled anesthetics have several limitations. First, 
few studies have been of sufficient duration to ade- 
quately examine the effects of distribution of anes- 
thetics to slowly equilibrating compartments such as 
muscle or fat. Determination of the contributions of 
muscle and fat requires measurement of washin or 
washout for hours or days. Studies that have exam- 
ined the pharmacokinetic properties of inhaled an- 
esthetics for such durations (1,2) report data that are 
not completely consistent with current concepts of 
inhaled anesthetic pharmacokinetics. For example, 
Holaday et al. (2) found that time constants for wash- 
out of isoflurane from muscle and fat were 2.0 + 0.2 
and 17.4 + 2.2 hr (mean + sg), respectively. The time 
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washout. For 27 of the 36 data sets, five-compartment models 
fit the washout curves significantly better than four-com- 
partment models. The time constant for our first compart- 
ment is consistent with that predicted for washout of the 
lungs. Time constants for the second, third, and fifth com- 
partments were consistent with current data for blood flows 
and solubilities of vessel-rich, muscle, and fat tissue groups, 
respectively. The fourth compariment has a time constant 
that lies between the time constants predicted for muscle 
and fat. 


Key Words: ANESTHETICS, voLatTite—enflurane, 
halothane, isoflurane, methoxyflurane. METABO- 
LISM—drug. PHARMACOKINETICS—volatile 
anesthetics. 


constant for muscle is more than twice that predicted 
using known values for solubility of isoflurane and 
blood flow in muscle (3,4). The time constant for fat 
is also inconsistent, being less than half that predicted 
(3,4). . 

second, one study of anesthetic pharmacokinetics 
may be difficult to compare with another. Differences 
in methodology, physiologic condition of subjects, or 
response of subjects to different agents may compro- 
mise any such comparison. Thus, dissimilarities in 
the pharmacokinetic patterns found by various in- 
vestigators for different anesthetics may be due to 
differences in ventilation, cardiac output, or distri- 
bution of blood flow in different subject populations, 
rather than to actual differences in the pharmacoki- 
netic properties of the anesthetics. 

Third, although a few studies have reported on 
anesthetics administered concurrently (5-8), they did 
not control for the pharmacokinetic impact of two 
additional variables. When trace concentrations rather 
than anesthetizing concentrations are applied (6,7), 
hepatic extraction of anesthetic may increase (9) and 
therefore play a greater role in elimination of anes- 
thetic. Also, when anesthetizing concentrations were 
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used in these studies, only pairs of volatile anes- 
thetics, rather than the full range of those available, 
were administered simultaneously (5,7,8). 

The present study supplies new data on the phar- 
macokinetics of inhaled anesthetics by measuring the 
pharmacokinetic characteristics of the four currently 
available potent inhaled agents during 2 hr of washin 
and 5-9 days of washout, when all four anesthetics 
are given simultaneously. Simultaneous adiministra- 
tion of drugs to the same subject eliminates intersub- 
ject variability: changes in ventilation or circulation, 
for example, would affect the pharmacokinetics of the 
drugs equally. Also, the sum of the concentrations 
administeréd was equal to an anesthetizing concen- 
tration of anesthetic. The results from this study sup- 
port and enlarge upon the current interpretations of 
the pharmacokinetics of inhaled anesthetics. 


Methods 

We received approval from the Committee on Human 
Research and informed consent to study four healthy 
men and five healthy women (39 + 4 yr, mean + SE) 
of average height (170 + 2 cm) and weight (73 + 3.7 
kg) who were undergoing donor nephrectomy. 

All patients were premedicated with morphine and 
diazepam. Anesthesia was induced with thiopental 
and fentanyl. Pancuronium or vecuronium was used 
to facilitate tracheal intubation and to maintain muscle 
relaxation. Patients were ventilated through a non- 
rebreathing circuit to keep end-tidal partial pressure 
of carbon dioxide at normal levels, as measured by 
mass spectrometry. 

After normocapnia. was established, the inspired 
gas was changed from 100% O, to 65-70% N2O, bal- 
ance O,: Inspired and end-tidal concentrations of N20 
were measured by mass spectrometry. After 30 min 
of equilibration, the end-tidal partial pressure of N20 
was 98% of the inspired concentration. A mixture of 
potent inhaled anesthetics, each at 0.3 MAC, then was 
added to the stream of N2O delivered to the patients. 
That is, isoflurane (0.348 + 0.007%), enflurane (0.518 
+ Q, 012%), halothane (0. 226 + 0. 005%), and me- 
thoxyflurane (0.0469 + 0.09045%) (mean + SE of the 
average concentrations administered for the nine ex- 
periments) were administered at constant inspired 
concentrations through a nonrebreathing system for 
exactly 2 hr. The average coefficient of variation of 
the measured inspired concentration in all experi- 
ments for all anesthetics was 0.03. To minimize the 
second-gas effect, we decreased the inspired concen- 
tration of N2O by 5% (i.e., to 60-65%) as we intro- 
duced the potent inhaled agents. After 2 hr, the po- 
tent inhaled agents were discontinued, and anesthesia 
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was maintained with fentanyl, thiopental, and 60-65% 
N20 for the rest of the operation. The average total 
dose of fentanyl was 262 + 65 mcg. 

During the 2-hr washin period, gas samples were 
obtained for determination of the fractional concen- 
tration of anesthetic inspired (F,) and the fractional 
concentration of anesthetic in the alveoli (F,). Fa sam- 
ples were collected at 0.25 and 0.5 min in six patients, 
and with each breath for the first 0.5 min in the re- 
maining three patients. F, samples then were col- 
lected.at 0. 75, 1, 1.5, 2, and 3 min. F; and Fa samples 
were collected at 5, 7, 10, 15, 20, 30, 40, 50, 60, 75, 
90, 105, and 120 min. For logistical reasons, F; samples 
were not collected for the first 3 min. Instead, the 
values produced by F; samples collected at 10, 15, and 
20 min were averaged, and this value was used as 
the F; for the first 3 min. F; samples were collected 
proximal to the nonrebreathing valve. Fa samples were 
collected through a catheter placed near the tracheal 
end of the endotracheal tube. The endotracheal tube 
was connected to the nonrebteathing valve with a 
length of flexible Teflon® tubing having an internal 
volume of approximately 100 ml. Teflon® tubing was 
used to avoid the absorption and release of anesthetic 
that occurs with plastics such as polyethylene. The 
additional deadspace was used to guard against the 
contamination of end-tidal samples with inspired gas. 
All gas samples were collected in 50-ml glass syringes 
and were stored upright (i.e., with slight positive 
pressure) until analyzed. 

Once administration of the anesthetic vapors was 
discontinued, we drew F, gas samples at the same 
intervals used during the 120 min of washin. (The 
total intraoperative sampling time for the volatile agents 
was 214 + 14 min.) Samples were drawn thereafter 
at approximately 150, 200, 350, 500, 700, 1200, 1800, 
and 2700 min, and then once a day for a total of 5 to 
9 days. At the start of washout, the delivery tubing 
was changed to ensure that the inspired concentration 
of vapors was zero. For samples taken after the first 
2—4 hr of elimination, we used fresh glass syringes to 
avoid using those that had contained gases at the 
higher concentrations of anesthetics. The sampling 
procedure was interrupted during washout by the 
completion of surgery and extubation. Samples were 
not collected after extubation until patierits were awake 
enough to be cooperative. Fa samples then were col- 
lected while the patient breathed through a mouth- 
piece and a low resistance nonrebreathing valve. 
Noseclips were used to prevent breathing through the 
nose. 

A two-column gas chromatograph (Tracor Model 
550) was used to separate and detect isoflurane, en- 
flurane, halothane, and methoxyflurane. Both col- 
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Figure 1. The rise in the ratio of the alveolar to the inspired con- 
centrations of anesthetic (F,/Fi) was plotted against time (means 
for all data + SE for 30-min values). 


umns were composed of 10% S.F. 96 on Chromasorb 
WHP, 68/80-mesh, 0.32 cm by 4.6 m. A nitrogen car- 
rier stream flowing at 45 ml/min was delivered through 
the column to a flame ionization detector at 200°C, 
supplied by hydrogen at 40 ml/min and by air at 280 
ml/min. One column was maintained at 30°C and was 
used to separate the isoflurane, halothane, and en- 
flurane. Retention times were 3, 3.5, and 5 min, re- 
spectively. The second column was kept at 80°C and 
was used to separate methoxyflurane from the other 
vapors. Results were recorded separately on a dual- 
channel strip recorder. To ensure the accuracy of these 
measurements, we measured calibration standards 
(prepared as described previously (7)) at intervals dur- 
ing each study. Peak heights were proportional to 
concentration over the entire range of concentrations 
studied. 

The ratio of F, to F; (F,/F;) was used to define the 
washin of anesthetic. The ratio of Fa to Fao (Fa/Fao) 
was used to define the washout of anesthetic. Fao is 
the alveolar concentration of anesthetic immediately 
before discontinuation of anesthetic administration. 

Multiexponential (multicompartment) models of the 


form 


n A; 
eae) (1) 
and 
py Ae ™ (2) 


were fit to the washin and washout data, respectively, 
using least-squares analysis (10). We fit equations 
(models) having successively more exponents (inter- 
preted as compartments) to the data for each anes- 
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Figure 2. The decline in the alveolar concentration is expressed as 
the ratio of the alveolar partial pressure at a given time (F,) to the 
alveolar concentration immediately before discontinuation of an- 
esthetic administration (Fao) and is plotted against time (means for 
all data + SE for 2- and 4-day values). Note that F,/F,o is plotted 
on a longarithmic scale. 


thetic for each patient (i.e., for each of the 36 data 
sets that we obtained). For each data set, the model 
having the greatest number of compartments (highest 
n) that significantly decreased the residual sum of 
squares when compared with the model having one 
less compartment (n — 1) was considered to provide 
the “best fit” (P < 0.05, F—ratio test (11)). 

Time constants were calculated as 1/A; for each com- 
partment. The time constants, for each compartment 
of the five-compartment models, were compared 
among the anesthetics. The statistical significance of 
any difference was assessed using paired t-tests with 
the Bonferroni correction for multiple comparisons 
(12). 


Results 


The curve for washin (F,/F)} increased most rapidly 
with nitrous oxide and least rapidly with methoxy- 
flurane (Fig. 1). for the other agents, the rate of in- 
crease was in accord with their respective solubilities 
in blood. These relationships were not maintained 
during washout (Fig. 2). The washout (F,/Fao) curve 
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Figure 3. The interval from 10 to 500 min during alveolar washout 
is shown to illustrate the position of the anesthetic washout curves. 
` The ratio of the alveolar concentration at a given time (F,) to the 
alveolar concentration immediately before discontinuation of an- 
esthetic administration (Fao) is plotted against time (means for all 
data + sE for the 230-min data). Note that F,/Fao is plotted on a 
logarithmic scale. 


for halothane fell below that for enflurane after 69 + 
16 min of washout and below that for isoflurane after 
203 + 25 min. Similarly, the ratio for methoxyflurane 
fell below that for enflurane after 760 + 166 min (Fig. 
3). The terminal portions of the washout curves were 
remarkably close for all anesthetics and were rectilin- 
ear for as long as they were measured (Fig. 3). 

The alveolar washin data were best fit by a two- 
compartment model for 26 of the 36 data sets (four 
anesthetics in each of nine patients) and by a three- 
compartment model for the other ten data sets (Table 
1). No four-compartment model provided a better fit. 
Although some data sets were best fit by three-com- 
partment models, the mean coefficients of variation 
for the third compartment time constants were as high 
as 2.68. 

Analysis of the alveolar washout allowed definition 
of more compartments than analysis of the washin. 
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slowly equilibrating compartments were only iden- 
tified during washout. The washout was best fit by a 
four-compartment model for 9 of the 36 data sets and 
by a five-compartment model for 27 of the 36 data 
sets (Tables 2 and 3). A six-compartment model did 
not provide a significantly better fit for any data set. 
The maximum mean coefficients of variation of the 
time constants determined for compartments one 
through five were 49, 40, 19, 22, and 11%, respec- 
tively. For any one compartment, the time constants 
were similar for all four anesthetics. 


Discussion 


The F,/F; ratios for the five anesthetics were similar 
to those reported previously by others, and qualita- 
tively related to each other as predicted by the re- 
spective blood/gas partition coefficients of the differ- 
ent anesthetics (Fig. 1). The differences between the 
isoflurane and enflurane ratios were similar to the 
differences between the ratios for enflurane and halo- 
thane, a relationship that is consistent with their dif- 
ferences in partition coefficients. Examination of F,/F, 
ratios for these anesthetics from studies done by sep- 
arate investigators in different subjects do not show 
quite the same relationship. Cromwell et al. (13) found 
F,/F, ratios for isoflurane that were close to the ratios 
found by Munson et al. (6) for enflurane. However, 
Munson et al. found a separation for enflurane and 
halothane that was three times as great as the modest 
separation between enflurane and isoflurane. The in- 
consistency of these findings with the results pre- 
dicted by the partition coefficients illustrates the dif- 
ficulty of comparing the pharmacokinetic properties 
of anesthetics between studies. 

In contrast to the F,/F, ratios, our Fa/Fao ratios 
were not entirely consistent with what might have 
been predicted from the blood/gas partition coeffi- 
cients. The halothane ratios decreased more rapidly 
than those for isoflurane and enflurane, despite the 
greater solubility of halothane. Similarly, the Fa/Fao 
ratios for methoxyflurane fell below those for enflur- 
ane, even though methoxyflurane is approximately 
six times more soluble than enflurane. This phenom- 
enon has been previously reported for halothane at 
subanesthetic concentrations (6,7), but not for me- 
thoxyflurane. The more rapid decrease of the values 
for both halothane and methoxyflurane in large part 
can be attributed to the elimination of these agents 
via the liver (7). Both agents undergo considerable 
biodegradation, whereas enflurane and isoflurane 
undergo relatively minimal biodegradation (1,2,14-16). 
If this interpretation is correct, it suggests that me- 
tabolism of anesthetic can significantly affect the rate . 
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Table 1. Time Constants (1/A,) Determined by Multicompartmental Analysis of Alveolar Washin (min) 
Compartment Isoflurane Enflurane Halothane Methoxyflurane 
For curves “best fit” by a two-compartment model 
(n = 5) (n = 6) (n = 6) (n = 9) 
1 0.20 + 0.01 0.26 + 0.03 0.20 + 0.03 0.14 + 0.02 
2 6.50 + L93 7.52 = 1.99 6.07 2 2,07 6.44 + 3.59 
For curves “best fit” by a three-compartment model 
(n = 4) (n = 3) (n = 3) (n = 0) 
1 0.19 + 0.05 0.15 + 0.03 0.12 + 0.04 — 
2 3.17 + 0.54 2.71 + 0.45 2.59 + 0.54 — 
71.63 + 21.06 90.91 + 22.33 121.83 + 47.47 — 


Data are expressed as mean + SE. 


of recovery from halothane and methoxyflurane anes- 
thesia. 

The specific concentration of anesthetic at the start 
of anesthetic administration may determine the influ- 
ence of metabolism on the rate at which the washout 
curve falls. In contrast to the results of Cahalan et al. 
(7), Torri et al. (5) did not observe accelerated elimi- 
nation of halothane after simultaneous administration 
of halothane and enflurane to patients undergoing 
minor surgery. Cahalan et al. observed that the wash- 
out curve for halothane crossed that for enflurane at 
an end-tidal concentration of halothane of 0.0075- 
0.033%. Torri et al. administered anesthetizing 
concentrations and followed washout for only 60 min, 
at which time we estimate that the average end-tidal 
concentration of halothane was 0.055%, i.e., above 
the range in which Cahalan et al. observed the curves 
to cross. An accelerated elimination of halothane may 
not have been observed by Torri et al. because the 
partial pressure of halothane in the liver had not de- 
creased below the Km (the partial pressure of anes- 
thetic at which the rate of metabolism is half the max- 
imum rate of metabolism) for metabolism of halothane. 
This explanation is supported by the results of Sawyer 
et al. (9), which suggest that the Km for halothane 
may be 0.01 MAC, or less than 0.01% halothane. 

Comparison of the washin and washout data dem- 
onstrates the difficulty of defining the pharmacoki- 
netic properties of inhaled anesthetics by examining 
washin data. Such data cannot be collected over a 
long enough period of time to permit a demarcation 
of the compartments that equilibrate more slowly. For 
most of our data sets, even the 2-hr period of washin 
did not permit the definition of more than two com- 
partments. In contrast, in 75% of our data sets wash- 
out data revealed five compartments. 

The time constants obtained for our compartments 
2, 3, and 5 correlated with those predicted from known 
tissue blood flows and solubilities for the vessel-rich, 


muscle, and fat tissue groups, respectively (Table 3). 
That is, these data are consistent with present inter- 
pretations of the impact of the major tissue groups 
governing the pharmacokinetics of inhaled anes- 
thetics. Also consistent is the finding that the rate 
constants for a given compartment were similar among 
the different anesthetics. This follows because the fac- 
tors governing the rate constant would be predicted 
to be the same. Because the anesthetics were admin- 
istered concurrently, blood flow must be the same; 
tissue volume must be the same for the same reason; 
and the measured tissue/blood partition coefficients 
are close to each other despite the dissimilarity of the 
blood/gas partition coefficients. The small but signif- 
icant differences found among the anesthetics for the 
fifth compartment (Table 3) would be predicted from 
the measured differences in the fat/blood partition 
coefficients for these agents. 

The minor differences that exist between our data 
and predicted values probably result in part because 
the time constants provided by our analysis are hybrid 
rate constants. They are influenced by more than the 
compartment in question. That is, the rate of change 
at any particular time in the washout process is not 
purely the result of one compartment but rather the 
net effect of the rates of change occurring in all com- 
partments at that time. However, each hybrid rate 
constant differs from adjacent rate constants by at 
least a factor of 6. This separation diminishes the in- 
fluence of adjacent rate constants on each other. Since 
the terminal rate constant has no subsequent con- 
stant, it should be least influenced and most accurate. 
The correlation of our results with predicted rate con- 
stants should be closest for this constant. It is. Because 
the first-compartment rate constant has four subse- 
quent constants, it may be most influenced and there- 
fore least accurate. This potential for error may partly 
explain the differences between the hybrid rate con- 
stants we determined for the first compartment and 
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Table 2. Coefficients (A;) for Five-Compartment Models of Alveolar Washout 


Compartment Isoflurane (n = 7) Enflurane (n = 7) Halothane (n = 7) Methoxyflurane (n = 6) 
1 5629 + 283 5156 + 326 5401 + 218 5030 + 430 
2 2604 + 149 2712 Æ 172 2517 + 147 2029 + 193 
3 1341 + 166 1635 + 185 1704 + 173 2497 + 269 
4 265 + 50 327 + 70 214 + 41 338 + 100 
5 38 + 5 56: 7 28 + 4 Bl: 7 


Data are expressed as mean + SB. 
All values are multiplied by 104. 


Table 3. Calculated Time Constants (1/A,) for Five-Compartment Models of Alveolar Washout Compared with Those 
Predicted Using Current Interpretations of Uptake and Distribution 


Isoflurane (n = 7) Enflurane (n = 7) 
Calculated time constants (min) 


Halothane (n = 7) Methoxyflurane (n = 6) 


Compartment 
1 0.19 + 0.03* 0.16 + 0.03" 0.16 + 0.03 0.11 + 0.01° 
2 6.72 + 1.26 6.67 + 1.16 7.46 + 1.24 7.76 + 1.04 
3 77.0 + 8.4 73.4 + 6.6 75.6 + 7.3 73.0. 5,2 
4 500 + 163 503 + 65 480 + 59 529 + 64 
5 . 3465 + 176 2963 + 130" 3842 + 19% 3231 + 469 

Predicted time constants (min) 

Pulmonary washout 0.50 0.50 0.50 0.50 
VRG 2.69 2.10 3.00 1.48 
MG 50.7 36.3 47.7 33.0 
FG 2545 2005 3135 2820 


Data are expressed as mean + SE. 


Abbreviations: VRG, vessel-rich group; MG, muscle group; FG, fat group. 
‘Significantly different from each other for this compartment {P < 0.008). 


Significantly different from the other three anesthetics for this compartment (P < 0.008). 


those predicted for washout of the lung. In addition, 
the volume we assumed for the functional residual 
capacity (FRC) of the lung (2 L) is probably greater 
than the actual FRC of our patients, who were posi- 
tioned with the kidney rest elevated. This smaller FRC 
would result in a faster rate of equilibration, and thus 
a shorter time constant, for the first compartment. 

We found one more tissue compartment (the fourth 
compartment; Table 3) than did previous studies 
(1,2,15). Holaday et al. (2) might have found this com- 
partment had they not confined their analysis to three 
“tissue” compartments. This constraint may also ex- 
plain the difference between the rate constants they 
determined for the muscle and fat groups and those 
predicted from blood flow, tissue volume, and tissue 
solubility. The failure to parcel out the effect of the 
fourth compartment would tend to increase the time 
constant for the muscle group and to decrease the 
time constant for the fat group (i.e., would tend to 
draw these values together). 

The composition of the fourth compartment is not 
easily explained. The only tissue group that we would 
predict to have a time constant in the range of that 
found for the fourth compartment is red marrow. A 
70-kg human has about 1400 ml of red marrow that 


is composed of approximately 40% fat and 60% lean 
tissues and has a blood flow of approximately 10 m!-100 
ml~'-min~’ (16,17). Tissue/gas partition coefficients 
for inhaled anesthetics in red marrow have not been 
measured but can be roughly estimated by combining 
known fat and lean tissue coefficients. Isoflurane’s 
marrow/gas partition coefficient should be approxi- 
mately 42.3 (i.e., 0.40-fat/gas partition coefficient + 
0.60-lean tissue/gas partition coefficient (18)). The time 
constant calculated from these values would be about 
250 min. A decrease in blood flow or an increase in 
solubility could increase the time constant for red mar- 
row into the range of our fourth compartment. A 
compartment with a time constant of 500 min would 
become approximately 21.3% equilibrated with the 
delivered partial pressure during a 2-hr administra- 
tion (i.e., 1 — e~ 0"). If the delivered partial pres- 
sure of anesthetic is estimated as the end-tidal partial 
pressure achieved at the end of the anesthetic admin- 
istration (0.002676, for isoflurane), we can estimate 
the volume of anesthetic gas that would actually dis- 
tribute to red marrow to be 33.8 ml for isoflurane 
(1400 ml42.3.0.213.0.002676). In contrast, an average 
of 119.3 ml of isoflurane was recovered from the fourth 
compartment; 33.7% of the total (354 ml) isoflurane 
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recovery (unpublished data). If red marrow contrib- 
utes to the fourth compartment it accounts for only 
about 28% of the anesthetic recovered from the fourth 
compartment. 

The time constant for our fourth compartment can- 
not be explained by blood flow or solubility charac- 
teristics of any other known tissue group. If this com- 
partment is composed of muscle, either tissue solubility 
would have to increase sevenfold or blood flow would 
have to decrease sevenfold. If this compartment were 
composed of fat, the converse would have to be true. 
No studies of blood flow or solubility support these 
explanations. 

We speculate that our fourth compartment is com- 
posed of fat immediately adjacent to highly perfused 
tissue and has access to anesthetic by intertissue dif- 
fusion. Examples of such fat groups would include 
omental fat, perirenal fat, pericardial fat, and sub- 
cutaneous fat. This hypothesis has been suggested 
previously (19,20), and the concentration gradients of 
_ inhaled anesthetics in perirenal fat have been docu- 
mented (21). However, we stress that this is simply 
a plausible hypothesis and that no direct evidence for 
it is present in our data. 

One may wonder whether one anesthetic would 
influence the pharmacokinetic properties of another 
anesthetic administered simultaneously. For exam- 
ple, anesthetics administered simultaneously could 
compete for solvent sites and thereby alter individual 
anesthetic solubility. However, previous studies have 
found comparable anesthetic solubilities regardless of 
whether the determinations were made for individual 
anesthetics or for mixtures of anesthetics (18,22--24). 
Also, simultaneous administration of anesthetics may 
result in inhibition of the metabolism of one agent by 
another (25,26). However, we have also measured 
metabolism during simultaneous administration of 
anesthetics (to be reported separately), and our re- 
sults quantitatively agree with or exceed those from 
previous studies of metabolism in which only single 
anesthetics were administered. In addition, the rapid 
decay rates of halothane and methoxyflurane are readily 
explained only by an appreciable rate of metabolism 
of these anesthetics. 

Our approach to the measurement of the phar- 
macokinetic properties of inhaled anesthetic has at 
least one deficiency. Simultaneous administration 
eliminates the ability to detect the effect of pharma- 
cologic differences that may affect the pharmacoki- 
netic characteristics of anesthetics. For example, al- 
terations in cardiac output or distribution of blood 
flow that may be caused by only one anesthetic will 
affect the pharmacokinetic characteristics of all four 
anesthetics. However, we believe the advantages of 
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simultaneous administration, specifically the absence 


of interindividual variability when comparing the 


pharmacokinetic properties of these agents, greatly 
outweigh this disadvantage. 

Finally, the identification of distinct anatomical tis- 
sues on the basis of separable “exponentials” on a 
washout curve, and the further assignment of such 
tissues to specific anatomical sites on the basis of ob- 
served time constants and known tissue volumes, 
partition coefficients, and blood flows is fraught with 
uncertainty. It is well-known, for example, that tis- 
sues with time constants separated by a factor of only 
2 may “merge,” creating an intermediate time con- 
stant that will not reflect the time constant of either 
compartment accurately. Thus although our model is 
consistent with a direct physiologic interpretation, this 
consistency cannot be seen as sufficient evidence to 
prove this interpretation. However, regardless of how 
these compartments are interpreted, the identification 
of five distinctly separated compartments suggests 
that the previous model is inadequate: a five-com- 
partment model] defines more accurately the phar- 
macokinetic properties of inhaled anesthetics than does 
a four-compartment model. 

In summary, slowly equilibrating compartments 
could be identified only by examining the alveolar 
washout for a prolonged périod. Although our results 
are generally in accord with those for the four-com- 
partment model of uptake and distribution, we con- 
sistently found a new compartment equilibrating at a 
rate that lies betwéen the rates predicted for the mus- 
cle and fat tissue groups. We suggest that the four- 
compartment model may need modification to in- 
clude this new compartment. Finally, we document 
an accelerated rate of halothane and methoxyflurane 
elimination that we attribute to metabolism of these 
anesthetics. 


Isoflurane (Forane*) and enflurane (Ethrane®) were donated by 


Anaquest. Halothane (Fluothane*) was donated by Ayerst 
Laboratories. 
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Distribution in Cerebrospinal Fluid, Blood, and Lymph of 
Epidurally Injected Morphine and Inulin in Dogs 


Philippe A. C. Durant, MD, and Tony L. Yaksh, PhD 


DURANT PAC, YAKSH TL. Distribution in cerebrospinal 
fluid, blood, and lymph of epidurally injected morphine 
and inulin in dogs. Anesth Analg 1986;65:583—92, 


We describe procedures for catheterizing the epidural space, 
the azygos vein, and the thoracic lymph duct of dogs without 
using fluoroscopy. The success rates of the procedures were 
100, 80, and 50%, respectively (n = 10). To assess the 
validity of the model, ?>H-morphine and unlabeled morphine 
(2 mg) were injected epidurally in ten dogs. Lumbar cere- 
brospinal fluid (CSF), azygos venous blood, arterial blood, 
and lymph were sampled before and 5, 20, 60, 120, 180, 
240, 300 and 360 min after injection. During the first 20 
min, morphine levels in the azygos vein were about three 
and ten times greater than arterial and lymphatic levels, 
respectively (n = 3; P < 0.01). Morphine levels were sig- 
nificantly greater in the azygos vein (n = 8) and the femoral 
artery (n = 10) during the first 20 and 60 min than they 
were later, respectively (P < 0.05). In the lymph (n = 5), 
the levels of morphine at 60 min were statistically greater 
(P < 0.05) than levels at 4, 5, and 6 hr. At no time were 


Epidurally administered drugs may enter the cere- 
brospinal fluid (CSF), the epidural venous blood, and 
lymph and become partitioned in the epidural fat. The 
epidural veins drain into the azygos vein. The lym- 
phatic vessels surrounding the dural root sleeves drain 
into longitudinal channels in front of the vertebral 
column. Calculations of the.kinetics of drugs admin- 
istered by the epidural route require an animal model 
that assesses the concentration of drug in the CSF, 
the azygos vein, the systemic circulation, and the 
lymph. 

Because the lumbar vertebrae overlap, the epidural 
space of the dog is routinely catheterized by lami- 
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the concurrent arterial and lymph levels different from each 
other. In the lumbar CSF, the morphine peak concentration 
was reached 5—60 min after epidural injection and ranged 
between 5 and 93 g/ml. In the CSF, the levels of morphine 
were significantly greater during the first 20 min than later 
(n = 7;P < 0.05). The washout cf the lumbar CSF curve 
for morphine appeared to be fitted by a two-compartment 
open model. The tya and ty-B values were 14.7 + 7.2 
min and 106 + 45 min, respectively (mean + SD). Cu- 
mulative percentages of the epidural dose of morphine passed 
into the azygos system within the first 5, 20, 60, and 120 
min after injection were calculated to be 4.0 + 2.1, 
23.5 + 14.6, 49.2 + 34.2, and 55.9 + 35.3,.respectively 
(mean + sp; n = 8). Both ™C-inulin and *H-morphine 
were injected epidurally in one dog and intrathecally in an- 
other dog. In the CSF, morphine appears to be cleared at a 
rate similar to that of inulin. The fraction of morphine and 
inulin crossing the dura after epidural injection was calcu- 
lated to be 0.31% and 0.59%, respectively. 


Key Words: ANESTHETIC TECHNIQUES, Ermu- 
RAL——morphine. ANALGESICS—morphine. 


nectomy (1,2), by laminotomy (3), or by burring a hole 
in the sacrum (4). These techniques are time-consum- 
ing, and, with the first two approaches, the risk of 
perforating the dura is significant. The azygos vein 
of the dog can be catheterized by cannulation of the 
superior intercostal vein through a right thoracotomy 
incision (4) or by cannulation of the external jugular 
vein, the tip of the catheter being introduced in the 
ostium of the azygos vein under fluoroscopy (K. 
Samii, M. Stanton-Hicks, H. Wüst, C. Rowley: un- 
published observations). 

The present paper describes reliable techniques for 
catheterizing without fluoroscopy the epidural space, 
the azygos vein, and the thoracic lymph duct in dogs. 
To assess the validity of the model, 7#H-morphine was 
injected epidurally in ten dogs. To compare the dis- 
position of morphine with a marker of extracellular 
water and to assess the amount of drug crossing the 
dura, one dog (number 7) received both “C-inulin 
and *H-morphine epidurally, and an eleventh dog 
received the two labeled agents intrathecally. 
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Figure 1. Posterior view of lower vertebral column (L5—Co5) of the dog. PE50 epidural catheter is inserted between coccygeal vertebrae 
l and 2, and can be seen in the vertebral canal between L7-S1. Tuberculin syringe (1 ml) provides an approximate scale. 


Methods 


Preparation of Catheters 


To make the catheters, polyethylene tubing (PE50, 0.6 
mm inside diameter (ID) and 1.0 mm outside diameter 
(OD)) were cut into segments of 60 cm (intrathecal 
catheter), 40 cm (epidural catheter), and 15 cm (azygos 
catheter). 


Animal Preparation and Surgical Procedure 


Eleven mongrel dogs of either sex were used in this 
study (mean weight + sp: 14.4 + 1.6 kg). The Na- 
tional Research Council’s guide for the care and use 
of laboratory animals was followed. 


Anesthesia. The dogs were anesthetized with so- 
dium pentobarbital (20-30 mg/kg) and paralyzed with 
succinylcholine 1-2 mg/kg, both administered intra- 
venously. The trachea was intubated and a femoral 
arterial catheter inserted. Animals were ventilated with 
intermittent positive pressure ventilation (IPPV) us- 
ing a Harvard model 901 respirator. Tidal volume was 
normally between 200 and 250 ml. Respiratory rate 
was 20 breaths/min and adjusted according to arterial 
blood gas values. Pancuronium, 0.1 mg/kg intrave- 
nous, was administered periodically. 


Thoracic duct cannulation. The dog was positioned 
in the right lateral decubitus position. The left fore- 
paw was then retracted caudally in order to move the 
left scapula backwards. On the left side of the neck, 


an incision about 15 cm long was made parallel to the 
external jugular vein. The junction of this vein with 
the subclavian vein was carefully dissected. Once the 
thoracic duct was identified, cannulation with a poly- 
ethylene tubing (PE100, 0.9 mm ID and 1.5 mm OD) 
was achieved. The dissection was delicate, and the 
median time required was 45 min (range 30-90 min). 
Then, the dog was placed in the sphinx position and 
the head placed forward in a stereotaxic holder. The 
cisterna magna was maintained approximately 6 cm 
above the level of the lumbar spinal cord. 


Epidural space catheterization. The sacro-coccygeal area 
was shaved, and a transverse skin incision about 2 
cm long was made between the third sacral (S-3) and 
first coccygeal (Co-1) vertebrae, between Co-1 and 
Co-2 (Fig. 1), or Co-2 and Co-3. At the base of the 
spinous process, the yellow ligament was pierced with 
the tip of a scalpel blade. The distance between the 
thoracolumbar junction and the incision was then 
measured and a black mark made on the catheter at 
that distance. The catheter was then gently twisted 
and introduced cephalad into the lumbar epidural space 
up to the black mark (Fig. 2). The procedure required 
approximately 3 min. As shown in Figure 1, the cath- 
eter can be inserted between Co3—4, Co4—5 or L7-S1 
as well. However, at the lumbosacral junction, the 
depth at which the epidural space is encountered in- 
creases considerably. Such anatomy makes catheter- 
ization more difficult. It is worth noting that, in dogs, 
the caudal end of the spinal cord and the dural sac is 
located at L-6 and L-7 levels, respectively. The coc- 
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Figure 2. Epidural space catheterization. The 
PE50 catheter was introduced between the 
first and the second coccygeal vertebrae and 
inserted cephalad up to the thoracolumbar 
junction (25 cm). The tip of the catheter is 
located on the edge of the picture. Hypaque 
50% 0.1 ml was injected in the epidural 
catheter. 


cygeal approach was found also to be applicable in 
cats (unpublished observations). 


Azygos vein catheterization. A midline longitudinal 
skin incision was made between the fifth and the 
tenth (T5-10) thoracic spinous processes. The skin on 
the right side of the chest was lifted up. At the upper, 
lower, and midpoint of the chest, three subcutaneous 
veins are usually present and can be seen easily on 
the internal surface of the skin. These veins drain into 
intercostal veins. According to Evans et al. (5), these 
veins might be the satellite veins of the distal lateral 
cutaneous branches of the intercostal arteries. In our 
experience, the upper vein is not readily cannulated 
because its path is tortuous. The two lower veins can 
be readily cannulated most of the time and drain into 
the seventh and the eleventh intercostal veins, re- 
spectively. The intercostal veins travel to intersect the 
azygos vein at a right angle. After careful dissection 
of the subcutaneous fat and after proximal ligation of 
one subcutaneous vein, a small cut was made in the 
subcutaneous vein close to its junction with the in- 
tercostal vein. The catheter was then introduced into 
the vein. After about 6 cm, significant resistance was 
felt, indicating that the tip of the catheter was then 
lying just within the azygos vein. Such an end point 
is adequate, and samples can be withdrawn from such 
catheters. Occasionally, twisting the catheter for 10-15 
min or injecting saline allowed a further insertion of 
the catheter, the distal end being then located closer 
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to the superior vena cava (Fig. 3). Further attempts 
were usually unsuccessful. Median dissection time 
was 47 min (range: 20-70 min). To avoid trauma to 
the pleura, dissection of the intercostal muscle should 
be avoided. 


Intrathecal space catheterization. The dura between 
the foramen magnum and the first cervical vertebra 
(C-1) was exposed by a midline dissection of the pos- 
terior muscles of the neck through a skin incision, 
which extended from the occipital protuberance cau- 
dally for 6 cm. A l-mm incision was made in the 
cisternal membrane on midline, approximately 2 mm 
caudal to the dorsal edge of the foramen. A blunt 
hook was inserted to assure retraction of the dura and 
the underlying arachnoid. Approximately 40 cm of 
PE50 tubing was passed down to the level of the thora- 
columbar junction. 


Injectate and Sampling 

In dogs, the vertebral formula is C-7, T-13, L-7, S-3, 
Co-20. Over a weight range of 11.0—15.7 kg, the spine 
length is fairly constant. From the Col—2 junction up 
to L5-6 (n = 10), L2-3 (n = 12), and T13-L1 (n = 
9) junctions, the spine length was 13.1 + 2.2 cm, 
16.5 + 1.9 cm, and 24.6 & 3.3° cm, respectively 
(mean + SD, unpublished observation). In addition, 
epidural injection of radioopaque dye 2 ml (hypaque 
50%) in the upper lumbar region in four dogs spread 
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over ten to 14 segments (segment range: T7-L7; 
weight range: 13-15.7 kg). Therefore, the volume of 
the epidural injectate was not adjusted for dog size. 

Morphine (2 mg) containing °H-labeled morphine 
1 wCi/ml specific activity was diluted in 2 ml of 0.9% 
saline and injected via the epidural catheter in ten 
dogs. The lumen of the catheter was then flushed 
with 0.1 ml saline. In addition to “H-morphine, dog 
number 7 received '*C-labeled inulin carboxylic acid 
(Amersham) 1 uCi/ml specific activity epidurally. An 
eleventh dog received the two labeled compounds 
intrathecally in 0.6 ml of 0.9% saline. 

Samples of CSF (0.2 ml), azygos venous blood (1 
ml), arterial blood (1 ml), and lymph (1 ml) were col- 
lected simultaneously before and 5, 20, 60, 120, 180, 
240, 300, and 360 min after injection. After each sam- 
ple, CSF was replaced by an equivalent volume of 
artificial CSF. The heparinized blood samples were 
spun and the plasma collected. Fifty pl aliquots of 
each sample were added to scintillation phosphor. 
Radioactivity was measured in a Beckman scintillation 
counter and converted to counts per minute. 


Necropsy 


All animals were killed by an overdose of pentobar- 
bital at the end of the experiment. X-rays after injec- 
tion of Hypaque 50% in all catheters were performed 
and followed by laminectomy and right thoracotomy 
to confirm the appropriate position of the catheters. 
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Figure 3. Azygos vein catheterization. The 
PE50 catheter was introduced in the cuta- 
neous branch of the T11 intercostal vein (12 
cm). The tip of the catheter was located 6 
cm from the superior vena cava. Hypaque 
50%, 5 ml, was injected in the azygos cath- 
eter. Four venous connections between the 
epidural venous plexus and the azygos vein 
are opacified. Some dye is present in the 
superior vena cava and the right cavities of 
the heart. 


Statistics and CSF Decay Curve Analysis 


All data points were normalized to 10° counts/min of 
injectate. Radioactivity values were converted to ng/ml. 
One-way analysis of variance with repeated measures 
on the same elements was employed to compare mor- 
phine levels within each compartment (CSF, lymph, 
azygos blood, or femoral blood). The same analysis 
was used to compare morphine levels between com- 
partments at each specific collection time. The differ- 
ences between morphine levels were analyzed by the 
Newman-Keuls method (6). 

Pharmacokinetic calculations of lumbar CSF decay 
curves were performed using the NONLIN least 
Squares regression analysis computer program (7). 
Areas under the time-concentration curves (AUC) were 
measured by the trapezoidal rule and expressed in 
(min x ng/ml) x 10° (8). 


Absorption by Epidural Veins 


For each dog, the fraction of the morphine epidural 
dose (ng) removed by the epidural veins as a function 
of time was calculated by multiplying the azygos vein 
flow (ml/min) by the difference between the AUC in 
the azygos vein and the AUC in the femoral artery 
(min X ng/ml) such that fraction removed = flow X 
(AUCa, — AUCa,1). Fraction values were converted 
in percent of the total dose. The flow in the azygos 
vein was taken to be 101 ml/min, based on the mean 
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Table 1. Epidural Injection of Morphine (2 mg): CSF Decay Curves 


Weight tY2-a tA-B 
Dog (kg) (min) (min) 
1 15.0 23.0 176 
2 11.5 20.5 125 
3 13:75 — — 
4 15.6 13.0 86 
5 15.7 — — 
6 14.6 12.0 80 
7 12.8 5.0 63 
mean + sD 14.7 + 7.2 106 + 45.2 


Morphine peak in CSF 


AUC (min X ng/ml) Concentration Time after 

x 10° (ng/ml) x 10° injection (min) 
4884 92.9 5 

839 10.3 20 

671 5.4 20 

1692 47.7 5 

584 5.2 60 

3005 58.0 20 

684 27.4 5 

1766 + 1627 





Abbreviations: t/2-a, initial elimination half-life; t⁄2-8, terminal elimination half-life; AUC, area under the concentration-time curve up to 6 hr; —, data 


not available for lack of sufficient points to define the second phase. 


Data of dog numbers 2, 6, 7 are shown in Figures 4 and 5. Azygos data of dogs 2-7 are shown in Table 2. 


resting value observed by Burfoot and Bromage in the 
anesthetized dog (4). 


Results 
Catheterization Procedures 


The thoracic duct could be cannulated in five of ten 
dogs. Failure to catheterize the duct was due to an- 
atomical factors. About one-half of the time, the tho- 
racic duct terminates singly and presents a terminal 
dilation immediately before perforation of the venous 
wall. In this case, cannulation is easy. In other spec- 
imens, however, the cranial portion of the thoracic 
duct bifurcates or trifurcates. These branches are usu- 
ally connected by cross branches so that a coarse, 
widespread plexus is formed (5). Such anatomy makes 
cannulation difficult. 

The epidural catheter was located at the expected 
level in all animals (n = 10). In addition, the technique 
was performed in 21 other dogs (unpublished obser- 
vations). In the latter group, one of 21 catheters curled 
up after 15 cm of insertion. In that instance, some 
resistance was felt and the insertion was pursued. If 
this happens, the catheter sould be withdrawn gently 
and then reinserted. No epidural hematomas were 
noticed at necropsy. 

The azygos vein was successfully catheterized in 
eight of ten animals. Almost no resistance was felt 
during insertion of two catheters whose distal end 
was located 15 cm from the site of cannulation and 
about 5 cm from the superior vena cava (SVC). The 
technique was performed in 21 additional dogs. Can- 
nulation was successful in 16 dogs, among which the 
tip of six catheters were located close to the SVC (un- 
published observations). The success rate was similar 
with the middle and the lower cutaneous vein 
approaches. 


In seven of ten animals in which catheters were 
also inserted into the subarachnoid space, the tip of 
the intrathecal catheter was located immediately ad- 
jacent to the epidural catheter tip. 


Morphine Distribution 


Simultaneous collection of samples in the four com- 
partments (CSF, lymph, azygos blood, arterial blood) 
was possible in three dogs (number 2, 6, 7 in Tables 
1 and 2). Mean log concentration-time curves based 
on levels assessed concurrently in each compartment 
are shown in Figures 4 and 5 for three animals. Com- 
parison of morphine levels within each compartment 
shows that azygos levels at 5 and 20 min were not 
statistically different from each other but were sig- 
nificantly greater (P < 0.01) than levels at 60 min and 
later (n = 8). In two of eight dogs, azygos levels were 
very low (Table 2). Lumbar CSF levels of morphine 
were observed to vary from one dog to another (Table 
1). Statistical analysis of CSF levels in seven dogs after 
epidural morphine shows, however, that during the 
first 20 min, morphine levels are significantly greater 
than levels at 60 min (P < 0.05) and later (P < 0.01). 
The CSF levels at 5 and 20 min were not statistically 
different from each other. In the femoral artery, mor- 
phine levels at 5, 20, and 60 min were not statistically 
different from each other but were significantly greater 
(P < 0.05) than levels at 3 hr and later (n = 10). In 
the thoracic duct, the levels of morphine at 60 min 
were significantly greater (P < 0.05) than levels at 4, 
5, and 6 hr (n = 5). 

Comparison of morphine levels between compart- 
ments showed that morphine levels in the azygos vein 
were significantly greater than the arterial and lymph 
levels during the first 20 min after injection (P < 0.01) 
but not at 60 min and later {n = 3). At no time were 
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Table 2. Cumulative Percentage of Epidurally Injected 
Morphine (2 mg) Recovered from Azygos Vein 


Time after epidural injection (min) 


Dog 5. 20 60 120 
1 aa soy an Zis 
2 3.8 35.0 88.6 90.9 
3 1.5 5.6 5.6 5.6 
4 0.7 22 8.9 8.9 
5 4.4 24.3 48.1 54.6 
6 4.5 23.1 47.2 70.1 
7 7i 45.1 100.0 100.0 
8 6.0 33.6 63.5 75.4 
9 3.9 19.1 31.5 41.4 
mean 4.0421 23.5 +14.6 49.2 + 34.2 55.9 + 35.3 


+ SD 


Dog numbers 1-7 are the same as Table 1. 
Data from dogs 2, 6, 7 are shown in Figures 4 and 5. 
-— not available. 


the concurrent arterial and lymph levels different from 
each other. In addition, Figure 4 shows with concur- 
rently measured levels that during the first 3 hr, the 
rate of elimination of morphine from CSF and azygos 
blood is the same. 


CSF Decay Curves and Estimation of Diffusion 
Across the Dura 


Lumbar CSF decay curves were fit to a two-compart- 
ment open model (with 1/y weighting factor). Table 
1 shows that the mean (+ SD) of the initial (t,-a) and 
terminal (ty,-8) elimination half lives were 14.7 + 7.2 
min and 106 + 45.2 min, respectively. The morphine 
peak concentration in the CSF was reached 5 to 60 
min after epidural injection and varied from 5.2 to 93 
ug/ml. The mean (+ sD) AUC value for morphine in 
the CSF up to 6 hr was 1766 + 1627 (ng/ml x min 
x 10°; n = 7). 

After epidural (dog number 7) or intrathecal (dog 
number 11) injection of both inulin and morphine, 
the morphine/inulin AUC ratios in CSF were 0.39 and 
0.73, respectively. The epidural/intrathecal AUC ra- 
tios in CSF, as an estimation of the amount of drug 
diffusing across the dura, were 0.0031 for morphine 
and 0.0059 for inulin. 


Drug Removal by the Epidural Veins 


Table 2 shows cumulative percentages of the epidural 
dose of morphine passed into the azygos system within 
the first 5, 20, 60, and 120 min after injection: 4.0 + 
2.1, 23.5 + 14.6, 49.2 + 34.2, and 55.9 + 35.3, re- 
spectively (mean + SD in eight dogs). Comparison of 
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Figure 4. Log concentration—time curves in lumbar CSF and azygos 
vein after lumbar epidural injection of morphine (2 mg). During 
the first 3 hr, the rate of elimination of morphine from CSF and 
azygos blood does not differ. Mean + sD of three dogs (numbers 
2, 6, 7 in Tables 1 and 2). 


individual data shows that only 5.6 and 8.9% of the 
initial dose had been absorbed by the epidural veins 
after 2 hr in two of eight dogs. In the six remaining 
dogs, cumulative percentages ranged from 41.4 to 100% 
after 2 hr. 


Discussion 
Epidural Catheterization 


The approach of the epidural space described in this 
paper is comparable to the caudal approach in hu- 
mans. In contrast to humans, the epidural catheter in 
the dog travels upward for 13 cm or more in a pre- 
dictable direction along the axis of the spinal canal. 
The small amount of epidural fat in the dog, the size 
and orientation of the intervertebral foramina, and 
the relative rigidity of the catheter may explain the 
high success rate of insertion of long catheters. The 
same approach can be used for catheterization of the 
upper thoracic and cervical epidural space. However, 
the progression of the catheter should be followed 
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Figure 5. Log concentration—tme curves in femoral artery and tho- 
racic duct (lymph) after lumbar epidural injection of morphine (2 
mg). Mean + sp of three dogs (numbers 2, 6, 7 on Tables 1 and 
2). i 


under fluoroscopy because of the smaller size of the 
vertebral canal at those levels (5). 


Diffusion Across the Dura 


In the dog model, morphine peaks in the lumbar CSF 
after 5 min (range: 5-60 min), while in humans such 
peaks have been reported after about 2 hr (range: 30 
min—4 hr) (9-12). Furthermore, normalized to 1 mg 
of morphine injected epidurally, the mean morphine 
peak CSF level is 15.8 ug/ml in dogs and between 0.3 
and 1.4 ug/ml in humans (9,11,13,14). The lower and 
more delayed peak CSF level in humans suggests that 
the dura represents a more significant barrier in hu- 
mans than in dog. In the rat, the very thin dura does 
not seem to represent a significant barrier to narcotics 
(15). Thus the discrepancies among species in the dif- 
fusion process across the dura in vivo may be due to 
differences in dural thickness. Using cadaver dura, 
the transdural diffusion of drugs has been reported 
to vary inversely with the square root of molecular 
weight (MW) (16). In contrast, in the present in vivo 
studies, inulin (MW: 5175) and morphine (MW of 
monomer: 334) have comparable kinetic profiles in all 
compartments including the CSF after the epidural 
injection of both agents in the same animal. Indeed, 
the morphine/inulin AUC ratio in CSF was 0.39, sug- 
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gesting that if anything inulin effectively crosses into 
the CSF more readily than morphine. This in vivo 
observation, which is in marked contrast to the in 
vitro modeling, should be confirmed in a larger group 
of animals. 

The epidural/intrathecal (EPI/IT) AUC ratio repre- 
sents the CSF bioavailability or the fraction of the 
epidural dose crossing the dura. Epidural injection of 
both morphine and inulin in one dog showed that 
0.31% of morphine and 0.59% of inulin crossed the 
dura. Considering the wide variations in CSF dis- 
position after epidural injection, these values should 
be interpreted with caution. Nevertheless, a 2% bio- 
availability has been reported in humans (17). In that 
study, CSF was considered as a one-compartment 
model and the AUCs were calculated between 10 and 
25 hr after injection. Therefcre, the initial elimination 
phase during which the IT—EPI differences are the 
largest was likely missed. In view of the short ty-a 
values, the error resulting from this approximation 
should be minimal. However, as mentioned above, 
morphine CSF peak levels are about 15 times higher 
in dogs than in humans per mg of morphine injected 
epidurally, suggesting that the bioavailability is sig- 
nificantly lower in humans than in dogs. Therefore, 
a 2% bioavailability in humans probably is an over- 
estimation. If the bioavailability in humans is esti- 
mated at between 0.1 and 1%, then the amount of 
morphine reaching the CSF should be at most be- 
tween 1 and 10 ug per mg cf morphine injected epi- 
durally. Significantly, Nordberg and colleagues have 
shown with intrathecal morphine that the minimum 
effective analgesic dose in humans appears to be in 
the range of 250 ug, whereas the epidural dose is in 
the range of 5 mg. The apparent discrepancy between 
the magnitude of analgesia and the relatively small 
amount of morphine crossing the dura into the CSF 
after epidural injection emphasizes that CSF levels do 
not necessarily reflect the amount of drug which pen- 
etrates the parenchyma to bind to the receptors within 
the spinal gray matter. Other roads to spinal receptors 
such as the posterior radicular branch of the spinal 
segmental arteries may be necessary to explain the 
redistribution of epidurally injected drugs (18). This 
discrepancy between apparent CSF levels and anal- 
gesia after epidural injection is probably accentuated 
with hydrophilic agents (such as morphine) which 
diffuse relatively poorly through neural tissue (19). 


Drug Clearance from CSF 


After intrathecal (IT) injections of morphine (3 mg) in 
dogs, reported mean t;,-@ and ty,-8 values are 9.4 min 
and 116.7 min, respectively (20). These values are very 
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Figure 6. Radioactivity (CPM/ml) in the lumbar CSF, azygos vein, femoral artery, and thoracic duct after epidural injection of C-inulin 
(left panel) and °H-morphine (middle panel) in one animal (number 7 on Tables 1 and 2). Data points were normalized to 10° CPM of 
injectate. The right panel shows the morphine/inulin ratio as a function of time. 


close to that reported in this study after epidural (EPI) 
injection: 14.7 min and 106 min, respectively. In hu- 
mans, after IT injection of morphine (2.5 mg), twa 
values range from 0.21 to 1.4 min (21). In humans, 
reported mean t- values are 175 min (IT, 0.25 mg) 
(12), 196 min (IT, 0.5 mg) (12), or vary from 107 to 
239 min (EPI, 3-6 mg) (9,11,13) or from 14.8 to 363 
min (IT, 2.5 mg) (21). These data suggest that ty,-a 
values are shorter and t;,-B8 values longer in humans 
than in dogs. In addition ty,-alpha and ty,B values in 
the CSF appear to be independent of the dose and 
the route of administration (EPI versus IT). 

It is interesting to compare morphine clearance from 
CSF with an agent, such as inulin, that does not 
undergo metabolism and does not cross cell mem- 
branes. In this study, the morphine/inulin AUC ratio 
in the CSF was 0.73 after IT injection. In monkeys, 
the B-endorphin/inulin AUC ratio in CSF after IT in- 
jection ranges between 0.74 and 1.0 (22). Therefore, 
morphine and B-endorphin appear to be cleared at a 
rate similar to that of inulin. | 


Drug Removal by the Epidural Veins 


After epidural injection of morphine, drug levels in 
the azygos vein peaked at 5 min and were significantly 


greater than in the peripheral blood during the first 
20 min. Comparable data were reported after epidural 
injection of mepivacaine in dogs (4). However, nor- 
malized to 1 mg of injectate, the peak levels in the 
azygos vein are about 5 times greater for morphine 
than for mepivacaine. In addition, it is reported that 
9% of epidurally injected mepivacaine is recovered 
from the azygos vein in an hour (4). In our study, 
49.2% of epidurally injected morphine was recovered 
in an hour (Table 2). Considering the small but dis- 
crete tissue uptake of morphine, such an estimate is 
conservative, because arterial levels subtracted from 
concurrently sampled azygos levels are somewhat 
greater than peripheral venous levels. The mor- 
phine—mepivacaine difference in removal by epidural 
veins can be explained by the physicochemical prop- 
erties of the agents. Mepivacaine oil: water solubility 
ratio is 7:1 at pH 7.4. Therefore, 86% of mepivacaine 
was esimtated to be partitioned in the epidural fat 
and released slowly (4). Morphine oil: water solubility 
ratio is 1.4:1. Thus 29% of morphine should be par- 
titioned in the epidural fat, and 71% should be avail- 
able for transural diffusion and vascular absorption. 
Comparison of Tables 1 and 2 shows that the wide 
variations in CSF kinetics cannot be explained by con- 
current variations in azygos vein distribution. For in- 
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stance, dog numbers 4 and 6 displayed comparable 
CSF kinetics and very different azygos vein distri- 
bution. Furthermore, Table 2 shows that the amount 
of drug recovered from the azygos vein is significantly 
lower in two dogs (numbers 3 and 4). Because the 
azygos catheters were appropriately situated at nec- 
ropsy, it appears unlikely that the lower levels may 
have reflected systemic venous sampling. This raises 
the issue that as yet unidentified factors influence the 
redistribution into CSF and lymph. 

Furthermore, Figure 6 shows that after epidural 
injection inulin and morphine levels in the azygos 
vein are comparable. This observation is in accord- 
ance with the rapid passage across capillary walls of 
all molecules with a MW up to 5000, whether ionized 
or nonionized, after intramuscular or subcutaneous 
injection (8). 


Distribution in Arterial Blood 


The significantly higher arterial levels of morphine 
during the first 60 min are probably due to the sys- 
temic redistribution after absorption of the drug by 
the epidural venous plexus. 


Distribution in Lymph 

India ink injection in the subarachnoid space of the 
rabbit produces filling of the lymph nodes anterior to 
the thoracic and lumbar vertebrae (23,24). Likewise, 
drainage of labeled albumin from cerebral interstitial 
fluid into deep cervical lymph nodes has been dem- 
onstrated in rabbits (25). In rats, epidurally injected 
methylene blue colors the lumbar prevertebral lym- 
phatic channels and nodes (unpublished observa- 
tions). Epidurally injected drugs may potentially enter 
the lymphatic system by three different routes: 1) by 
diffusion into the dural lymphatic vessels located at 
the level of the nerve roots; 2) by leakage out of the 
vertebral canal through the intervertebral foramina; 
and 3) by vascular absorption and systemic redistri- 
bution. Our study shows that the lymph levels of 
morphine after epidural injection were not different 
from the arterial levels. This observation suggests that 
lymph levels reflect systemic redistribution. In addi- 
tion, after epidural injection of inulin and morphine 
in the same dog, lymph levels of both agents were 
comparable, except that morphine peaked at 1 hr and 
inulin at 2 hr (Fig. 6). This observation should be 
confirmed in a larger group of animals. In conclusion, 
while lymph appears to play a minimal role in the 
overall. kinetics of epidurally injected morphine, it is 
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likely that more lipid soluble agents such as fentanyl 
may be more prone to such redistribution. 
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To test the hyvothesis that, after anesthesia for noncardiac 
surgical procedures, the increased cardiac work during re- 
covery induces wall mction and ejection fraction (EF) ab- 
normalities in patients with mild angina pectoris, gated 
radionuclide angiography was performed in patients 
undergoing simple cholecystectomy under narcotic—relaxant 
general anesthesia. The ejection fraction was determined 
during anesthesia at the end of surgery, and then determined 
3 min and 3 hr after extubation. A new angiography was 
performed 24 hr later, and a myocardial scintigraphy (Thal- 
lium 201) was performed during infusion of the coronary 
vasodilator, dipyridamcle. In the first part of the investi- 
gation, eight patients without coronary artery disease (CAD) 


Recovery from general anesthesia is associated with 
increased sympathetic nervous system discharge (1), 
and increases in heart rate, blood pressure, and global 
oxygen consumption. Increased cardiac work result- 
ing from these changes has been previously docu- 
mented (2). However, the effects of increased cardiac 
work on left ventricular function during recovery from 
anesthesia are, as yet, little known in patients with 
coronary artery disease. Nuclear medicine has made 
an important contributicn to the assessment of global 
and regional left ventricular function. Equilibrium 
radionuclide angiography is a noninvasive, accurate, 
and reproducible technique, especially suited to the 
taking of repeated measurements (3,4). For these rea- 


Some of the results of this study were presented at the ASA 
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(group 1) and 20 patients with mild angina (group 2) were 
studied. In the second part of the study, seven patients 
(group 3) with mild angina pectoris received an intravenous 
infusion of 0.4 g-kg~'«min~? of nitroglycerin started before 
surgery and gradually decreased 4 hr after extubation. In 
group 1, EF remained unchanged at recovery. In contrast 
in group 2, EF responded abnormally to recovery: EF de- 
creased from 55% during anesthesia to 45% 3 min after 
extubation (P < 0.001). Patients in group 3, who received 
intravenous nitroglycerin, showed no change of EF at re- 
covery. This study demonstrates that recovery from general 
anesthesia causes abnormalities in left ventricular function 
in patients suffering from CAD. These abnormalities are 
prevented by prophylactic intravencus nitroglycerin. 


Key Words: RECOVERY—myocardial 
HEART—myocardial function. 


function. 


sons, this technique is generally applied to the eval- 
uation of left ventricular function during stress (5). 

The purpose of this study was to test the hypoth- 
esis that recovery from anesthesia for noncardiac sur- 
gical procedures induces abnormalities of wall motion 
and of ejection fraction (EF). Radionuclide angiogra- 
phy was used to assess left ventricular EF and regional 
wall motion during anesthesia and anesthetic recov- 
ery in patients with and without coronary artery dis- 
ease (CAD). Because several previous studies (6,7) 
have already demonstrated the beneficial effects of 
nitroglycerin on ventricular function during exercise, 
we also studied the effects of prophylactic intrave- 
nous nitroglycerin infusion on myocardial function 
during anesthetic recovery in surgical patients with 
mild angina pectoris. 


Materials and Methods 


We studied patients undergoing simple cholecystec- 
tomy lasting~3 hr. We chose this procedure because 
it is one of the most frequently performed in abdom- 
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Table 1. Patient Characteristics 


Age (yr) 
Duration of procedure (min) 130 + 15 
Duration of anesthesia (min)* 160 + 17 


Previous inferior myocardial infarction’ — 
Organic nitrates ig 
B-Bliockers* — 


CORIAT ET AL. 


Group 2 Group 3 
(n = 20) (n = 7) 
65 + 13 60 + 8 
126 + 18 143 + 19 
160 + 17 174 + 17 

4 2 

10 3 

6 2 


Group 1, patients with CAD; group 2, patients with CAD; group 3, patients with CAD who were treated with nitroglycerin. 


"Values are mean + SD. 
’Dating for more than 1 yr. 
‘Propranolol or acebutolol. 


inal surgery, because it does not necessitate blood 
transfusion or the infusion of large volumes of fluid, 
and because the duration of operation varies little. In 
addition, patients are generally extubated at the end 
of surgery. Informed consent was obtained from each 
patient, and the protocol was approved by our ethics 
committee. 


Study Patients 


In the first part of the study, 28 patients, divided into 
two groups, were studied. 


Patients without Coronary Artery Disease 


Group 1 included eight patients without CAD, four 
men, and four women aged 55-77 yr, who were se- 
lected for cholecystectomy. These subjects had nor- 
mal chest radiographs, physical examinations, and 
electrocardiograms at rest. Questioning elicited no 
symptoms suggesting CAD or pulmonary disease. 
None had hypertension or were taking any drugs. 


Patients with Coronary Artery Disease 


Group 2 consisted of 20 patients with a clear history 
of mild angina pectoris. Such angina occurred only 
with prolonged effort, or resulted in only slight lim- 
itation of ordinary activity. Patients in group 2 could 
climb more than one flight of stairs without chest 
pain. 

We excluded the following patients from the study: 
1) patients with hypertension; 2) patients receiving 
cardiac medications other than nitrates and short-act- 
ing B-blockers (propranolol, acebutolol); 3) patients 
suffering from disabling angina, or who had experi- 
enced chest pain in the 2 months before surgery, be- 
cause such patients are particularly prone to devel- 
oping peri- or postoperative episodes of ischemia with 
ST segment depression (8); 4) patients with a history 


of congestive heart failure, a cardiothoracic ratio greater 
than 55% on preoperative chest x-ray film, or an an- 
tecedent anterior or lateral myocardial infarction; 5) 
patients with supraventricular or ventricular arrhyth- 
mias that may perturb analysis of the radionuclide 
angiography; and 6) patients with left bundle branch 
block or left ventricular hypertrophy that renders 
interpretation of the ST segment difficult. Two pa- 
tients who should have been included in group 2 
experienced an ischemic-type ST segment depression 
during anesthesia. Because nitroglycerin was admin- 
istered to treat these episodes, these two patients could 
not be included in our study. 

In the second part of the study, seven additional 
patients with mild angina pectoris, who presented 
none of the criteria for exclusion determined for group 
2, were assigned to group 3 and received an infusion 
of nitroglycerin during the period of the operation. 
The three groups were similar in age, duration of the 
surgical procedure, and clinical variables (Table 1). 


Operative and Postoperative Protocol 


Anesthetic procedure. The anesthetic procedure was 
identical for the three groups. Because the angina 
suffered by some of the patients was only mild, treat- 
ment was withheld beginning at midnight the night 
before surgery. Premedication, given 30 min before 
the operation, included intramuscular diazepam, 0.25 
mg/kg, and atropine, 0.007 mg/kg. Anesthesia was 
induced by fentanyl, 3 wg/kg, with increments of thio- 


_ pental and pancuronium. Ventilation was controlled 


throughout anesthesia with 60% N.O in oxygen. Pa- 
tients received further fentanyl, pancuronium, or 
thiopental when warranted. 

Perioperative fluid administration was at the dis- 
cretion of the anesthesiologist. The temperature of the 
operative room was maintained between 18 and 20°C. 

In the second part of the study, the seven patients 
who were assigned to group 3 received an intrave- 
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nous infusion of 0.4 ug'kg of nitroglycerin by means 
of a separate intravenous delivery system (shown in 
vitro to be nonabsorptive for nitroglycerin). Upon ar- 
rival in the operating room 300 ml of crystalloid were 
infused over 10 min, and NTG infusion was started 
before induction, gradually decreasing until termi- 
nation 4 hr after extubation. Neither neuromuscular 
nor narcotic antagonists were administered at the end 
of the procedure. A long-term Holter ECG recording 
of lead V; and a good oscilloscopic trace V; were used 
in all patients to detect intra- and postoperative myo- 
cardial ischemia. 


Radionuclide Angiography 


The method of radionuclide angiography consists of 
two parts: first pass and equilibrium studies. All data 
were stored on magnetic disks and subsequently 
transferred to magnetic tapes for permanent storage. 


First Pass Angiocardiography 


Imaging was accomplished using a scintillation 
Anger camera equipped with a general purpose, low- 
energy, parallel hole collimator oriented in a left an- 
terior oblique projection (30°), and adjusted to opti- 
mize separation of the left ventricular cavities from 
surrounding structures. A bolus of 15 mCi of 99 m 
pertechnetate-labeled autologous red blood cells (la- 
beled in vitro) was injected through an antecubital 
vein to the supine patient. Scintigraphic data were 
collected and stored by an on-line computer (Inter- 
technique Cine 200). Each image frame had a spatial 
resolution of 64 x 64 matrix elements, and the fram- 
ing rates were 200 frames/0.15 sec (corresponding to 
about 5 x 10 counts) for 30 sec. Left ventricular EF 
was computed by left ventricular time activity curves 
analysis obtained in the region of interest with the 
background activity previously subtracted using the 
Vandyke algorithm, according to the following for- 
mula where ED = end-diastolic and ES = end-systolic. 


ED counts — ES counts 
Be Se AAA 
ED counts 


Equilibrium Gated Radionuclide Ventriculography 


After the radionuclide had equilibrated with the cir- 
culating blood volume (5 min), 1 million counts (ap- 
proximately 250 cardiac cycles) were acquired in list 
mode on magnetic tape by the computer. The tem- 
poral resolution was obtained by gating the registered 
activity from the ECG in 12 frames per cardiac cycle 
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(cardiac cycles shorter than 80% of the average length 
were excluded from analysis). The functional images 
of amplitude and phase were then obtained by Fourier 
analysis of the scintigraphic data. The digital images 
were displayed in a 64 x 64 matrix on a video screen 
and sequentially viewed. The images permitted an 
accurate determination of the left ventricule valvular 
plane, and selection of the end-diastolic and end-sys- 
tolic frames. Using a light pen, a region of interest 
was then manually traced around the left ventricle in 
these two frames. The global left ventricular EF was 
determined from the formula displayed previously. 
To define the background, we developed an au- 
tomated computer algorithm: the global EF (GEF) that 
we determined during the first pass study with back- 
ground correction (Vandyke) was different from that 
determined during the equilibrium gated radio- 
nuclide ventriculography without background cor- 
rection as a standard condition. Because the two mea- 
surements must be the same, we concluded that the 
importance of the background made them different. 
Thus the ratio of the first pass EF to the equilibrium 
studies EF gave a coefficient that reflected the effect 
of these backgrounds, and we corrected the EF equi- 
librium background by means of this coefficient. 


Regional Ejection Fraction 


The same resulting left ventricular regions of interest 
were subdivided into 16 equiangular sectors around 
their center of mass, and the sectorial EF (SEF) was 
obtained in each sector from the same formula. Only 
12 of the 16 equiangular sectors were considered, be- 
cause four segments concerning the valvular plane 
were eliminated. With the left anterior oblique inci- 
dence (30°/15°) used in this study, sectors were at- 
tributed to myocardial septal (four sectors), apical in- 
ferior (four sectors), and lateral areas (four sectors). 
All equilibrium studies were interpreted by two phy- 
sicians with experience in this technique who were 
aware of the patients’ clinical statuses. Measurements 
were repeated twice by each physician, and the mean 
results were retained. Measurements obtained in our 
laboratory from 33 subjects without cardiovascular or 
pulmonary artery disease established the normal val- 
ues for left ventricular EF (66 + 7, mean + SD) and 
the mean normal SEF for each sector. Standke et al. 
(9) have pointed out that, when comparing an indi- 
vidual SEF profile with the mean normal SEF, the 
dependence of the mean normal SEF on the GEF of 
the patients considered must be taken into account. 
Thus mean normal SEF was adjusted to the individual 
left ventricle by normalizing to the individual GEF 
according to the following formula (9): 
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Table 2, Systolic Blood Pressure and Heart Rate before, during, and after Operation 





3 Min 
after 3 Hr 24 Hr 
Anesthesia" extubation after extubation after surgery 
Preoperative (T1) (T2) (T3) (T4) 
Systolic blood pressure 
(mm Hg) 
Group 1 138 + 13 125 + 18 149 + 20 143 + 19 134 + 17 
Group 2 148 + 14 135 15 156 + 17 150 + 17 148 + 13 
Group 3 143 + 10 122 £9 140 + 8 137 + 8 143 + 9 
Heart rate (beats/min) 
Group 1 7727 7229 102 + 10 100 + 9 75 +8 
Group 2 81+ 8 77 +9 107 + 12 97 + 9 79 + 8 
Group 3 jee =a 85 + 8 99 + 7 97 a7 TQ 7 


N20, 60%, in oxygen. 
Groups described in Table 1. 


mean normal SEF x GEF 
0.66 


In this equation 0.66 represents the normal GEF. 

This adjusted normal SEF profile permits the de- 
termination of hypokinetic sectors defined as sectors 
with an adjusted SEF lower by two standard devia- 
tions than the adjusted normal SEF. At each angio- 
graphic measurement, adjusted SEFs were deter- 
mined in the 12 sectors considered, and these SEFs 
were compared to the adjusted normal SEF. 

Labeled red blood cells were injected immediately 
at the end of the surgical procedure, and the first 
measurements (T1) were made under controlled ven- 
tilation with 60% N20 in oxygen while patients were 
still in an unresponsive state. To assess possible changes 
in EF because of mechanical ventilation in group 2, 
in the first six patients of this group a measurement 
was made just after T1, while N20 in oxygen was 
administered by gently compressing the reservoir bag 
every 15 sec during the data acquisition. There was 
less than +7% change in EF between these two points. 
After N20 in oxygen patients breathed 100% oxygen 
spontaneously or, when respiration was insufficient, 
by gentle compression of the reservoir bag. The tra- 
chea were extubated when patients could open their 
eyes on command, when the respiratory rate reached 
12 breaths/min and the tidal volume 8 mi/kg, and 
when a sustained head lift could be obtained. Mea- 
surements were repeated 3 min (T2) and 3 hr (T3) 
after extubation. The interval between T1 and T2 was 
8-10 min. Twenty-four hours later, labeled red blood 
cells were injected, and new equilibrium radionuclide 
angiographic study was performed (T4). 

No preoperative measurements of EF could be per- 
formed in the framework of this study 1) because 
patients suffering from mild angina pectoris were ad- 
mitted to our surgical unit 24 hr before the procedure, 


Adjusted normal SEF = 


making it impossible for us to schedule preoperative 
radionuclide imaging; and 2) the 35 patients included 
in this study were operated on by the same two sur- 
geons, and we did not wish to inject technetium 99 
m in all patients prior to surgery. 


Thallium 201 Myocardial Scintigraphy 
under Dipyridamole 


The scintigraphic examination was performed 24-48 
hr after surgery in all patients: 2 mCi of thallium 201 
was administered intravenously after a 4-min infusion 
of the coronary vasodilator dipyridamole, 0.14 
mg-kg~*-min~? (10,11). Data were collected with the 
same camera that was used for angiography, now set 
for 80 + 8 keV, with an additional circular collimator 
(diameter, 20 cm). Data were interpreted by two in- 
dependent observers who were unaware of patients’ 
clinical statuses. Myocardial imaging was performed 
5 min after administration of the thallium and was 
not repeated later. 

Images were obtained in four subsequent views: 
anterior (30°/15° and 45°/20°), left anterior oblique, and 
left lateral. The minimum number of counts collected 
in each view was 2 million. Data were recorded on 
film directly from the cathode ray display and were 
stored in the histogram as 64 x 64 digitalized images. 
The digitalized images were further processed on an 
Intertechnique Cine 200 computer. 

Processing was designed to minimize the influence 
of variable backgrounds: 1) the images were subjected 
to a nine-point weighted smoothing; 2) net myo- 
cardial activity was determined from the peak counts 
of multiple-count profiles generated across the myo- 
cardial images after subtraction of the background 
reference plane. Both film and computer processed 
data were used in the interpretation. The four views 
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© group I 
O group I! 
il 
40 E group 
xx p<0.001 VS TI 





TI T2 T3 T 


Figure 1. Effect of recovery on left ventricular function as deter- 
mined by ejection fraction (EF) (mean + sD) in patients without 
CAD (Group 1), in patients with CAD (Group 2), and in patients 
with CAD receiving nitroglycerin infusion (Group 3). Measurement 
times are defined as follows: T1, during anesthesia (N20, 60%, in 
oxygen); T2, 3 min after extubation; T3, 3 hours after extubation; 
and T4, 24 hr after anesthesia. 


permitted precise analysis of the five sectors of the 
left myocardium: anteroseptal, apical, inferior, basal, 
and lateral. 


Results 


All the patients in this study had normal uncompli- 
cated postoperative courses. Continuous monitoring 
of the ECG did not reveal any ischemic episodes in 
the patients studied. Rectal temperature, measured 
at the end of anesthesia, was between 35.4 and 36.0°C. 

Postoperative thallium 201 scintigraphy with di- 
pyridamole infusion was normal in group 1 (control 
subjects), but revealed ischemic image defects in groups 
2 and 3. In these two groups, ischemic defects were 
located in the lateral segment in 10 patients, the an- 
teroseptal in 3, the apical in 2, the inferior in 6, and 
both the apical and lateral segments in 6. 

Four sets of radionuclide angiographic measure- 
ments were obtained: at the end of the surgical pro- 
cedure in unresponsive patients under controlled 
ventilation with N20 in oxygen (T1), 3 min (T2) and 
3 hr (T3) after extubation, and 24 hr later (T4). There 
was no significant difference between groups 1 and 
2 in heart rate and systolic blood pressure measured 
by sphygmomanometry before surgery and when 
radionuclide measurements were made at T1, T2, T3, 
and T4 (Table 2). In group 1, EF remained unchanged 
at T1, T2, T3, and T4 (Fig. 1). In group 2, EF responded 
abnormally to recovery, and an obvious decrease ap- 
peared at T2 in relation to T1, EF decreased from 
55 + 7% to 45 + 7% (Fig. 1). Furthermore, global EF 
in group 2 at T4 was greater than at T1 (60 + 8% vs 
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55 + 7%). Systolic blood pressure was lower at TI 
and T2 in groups 2 and 3 (Table 2). In contrast to 
group 2, no decrease in EF was noted between T1 
and T2 in group 3 (Fig. 1). 


Regional Left Ventricular Function 


In the three groups, the presence of hypokinetic sec- 
tors was looked for at T1, T2, and T4 in each of the 
12 sectors analyzed by radionuclide ventriculography. 
The number of hypokinetic sectors and their localiza- 
tion in regard to myocardial segments in which an 
image defect was located during thallium 201 scintig- 
raphy under dipyridamole are given in Table 3. In 
three patients in group 2, one or two sectors that were 
not hypokinetic at T1 became hypokinetic at T2. All 
these sectors were located in areas with decreased 
thallium uptake. 


Statistical Analysis 


Results are expressed as mean + SD and were ana- 
lyzed using variance analysis with Newman—Keuls 
test. 


Discussion 


On recovery from general anesthesia performed for 
noncardiac surgical procedures, several factors sum- 
mate to provoke tachycardia, preload and afterload 
stress, and increased global oxygen comsumption (2). 
The factors responsible for these changes are rewarm- 
ing stress, hypoxia, emergence excitement, postop- 
erative pain, and the passage going from assisted to 
spontaneous ventilation. Increases in heart rate (25%), 
left ventricular stroke work index (55%), and mean 
blood pressure (30%) were noted just after sponta- 
neous recovery in patients without CAD. 

To ensure safe management during the immediate 
postoperative period of patients suffering from CAD, 
knowledge of the response of left ventricular function 
to this stressful situation is important. In this study, 
equilibrium radionuclide angiography was used to as- 
sess global and regional left ventricular function dur- 
ing recovery. Quantitative analysis of sequential count 
densities of gated or first pass blood pool images pro- 
vides a highly reproducible and accurate measure of 
left ventricular GEF (3-5). The validity and repro- 
ducibility of measurements of GEF by means of this 
technique have been well documented (3-5, 12). The 
intra- and interobserver variability in our laboratory, 
the same as that reported in several other studies 
(4,5,12), had a standard deviation of 4-6 EF units (%). 

Several recommended measures for ensuring the 
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Table 3. Number of Hypokinetic Sectors in Patients of the Three Groups 





Patients with at least 


one hypokinetic 
sector 

Group 1 (n = 8) 

Ti 0 

T2 0 

T4 1 
Group 2 (n = 20) 

T1 9 

F2 7 

T4 9 
Group 3 {n = 7) 

T1 0 

T2 0 

T4 2 


Groups described in Table 1. 


best reproducibility of measurements (4) have been 
used in this study. Each measurement was made twice 
by two physicians fully experienced in this technique, 
and the total number of counts collected was the same 
at each point. The possible inaccuracy caused by 
changes in the positions of patients was minimal in 
our study because the patients remained in the same 
position during recovery. 

When using gated radionuclide angiography, re- 
gional EF can be measured from sequential changes 
in count density in segments of a radionuclide angio- 
gram (9, 13-15). We used this approach to assess 
quantitatively left ventricular wall motion by means 
of regionally derived radionuclide EF. However, mea- 
surements obtained by this approach, even though 
they have an excellent reproducibility, have not been 
well-confirmed by independent measures of regional 
function, which explains why the validity of quanti- 
tative measurements of regional function using gated 
blood pool imaging is less well-established than the 
validity of GEF. When the radionuclide ventriculo- 
gram is used to assess left ventricular wall motion, 
only major abnormalities, such as akinesia, are readily 
detectable. In order to be able to confirm the occur- 
rence of hypokinesia in a sector using an SEF profile, 
the SEF must be adjusted to the individual left ven- 
tricle. Effectively, enlarged left ventricular end-dia- 
stolic volume involves a decreased GEF as well as a 
diminished SEF profile, although the contraction am- 
plitude remains constant (9). 

We studied only patients with mild angina pectoris 
and without other cardiac disease, who had not ex- 
perienced ST segment depression preoperatively, be- 
cause such patients are generally extubated at the end 
of a cholecystectomy. In a previous study at our in- 
stitution (16), comparison of both pre- and postop- 


Number of hypokinetic sectors 


In areas with 
thallium defect 


In areas with norma! 
thallium uptake 


0 0 
0 0 
0 1 
22 7 
19 2 
6 2 
0 0 
0 0 
3 0 


erative thallium 201 dipyridamole scintigrams and 
radionuclide angiography revealed the development 
during the operative period of disturbances of met- 
abolic and functional properties of myocardial seg- 
ments only in patients who experienced intraopera- 
tive ischemic episodes detected by continuous ECG 
recording. In this previous study, in the 14 out of 20 
patients included who did not experience either intra- 
or postoperative ST segment depression, no changes 
in EF and no new wall motion abnormalities were 
detected at the time of postoperative radionuclide 
angiography. 

In groups 2 and 3, the near-normal value of EF 
determined 24 hr after surgery and the lack of ische- 
mic episodes with ST segment depression are ac- 
counted for by the criteria of selection of the patients 
studied. The lack of ST segment depression during 
recovery is not surprising because ST segment depres- 
sion generally occurs during the immediate postop- 
erative period, particularly in patients suffering from 
disabling angina (8) or in patients who experienced 
perioperative ST segment depression. 

Postoperatively thallium 201 imaging was obtained 
after the infusion of dipyridamole, a coronary vaso- 
dilator (10,11), to confirm any myocardial perfusion 
abnormalities of patients included in groups 2 and 3. 
This noninvasive technique permits detection of coro- 
nary artery stenoses without inducing functional is- 
chemia (11). All patients with CAD included in these 
groups had defects with thallium—dipyridamole im- 
aging. The remarkably good sensitivity is not sur- 
prising, because a sensitivity of 93% has been re- 
ported by different authors (5, 10, 11). Because thallium 
scintigraphy was performed postoperatively, it may 
be possible that some perfusion deficit noted in pa- 
tients with CAD could be due to a prolonged alter- 
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ation in the metabolic state of the myocardium caused 
by anesthesia or surgery (20). 

The main result of this study demonstrates that 
immediately after extubation the left ventricular EF 
decreased significantly in patients suffering from mild 
angina pectoris. These changes in ventricular per- 
formance, which occurred in the absence of ischemic 
electrocardiographic abnormalities, may indicate either 
altered ventricular reserve as a result of increased af- 
terload, preload, or heart rate, or an imbalance in the 
oxygen supply and demand relationship. Alteration 
in global and regional left ventricular function during 
exercise and modifications in heart rate and loading 
conditions have been the subject of numerous inves- 
tigations (7, 21-23). These studies indicate that de- 
creased EF is a complex response influenced by sev- 
eral variables such as resting pulse pressure, adequate 
exercise, resting EF, exercise ECG changes, and the 
severity of the CAD. In CAD, Giles et al. demon- 
strated that, after tracheal intubation, left ventricular 
EF estimated by the nuclear stethoscope is decreased 
(24). 

The fact that fewer sectors were hypokinetic at T2 
than at T1 in group 2, although GEF decreased, is 
consistent with altered ventricular reserve after alter- 
ations in preload or afterload and changes in heart 
rate in the absence of ischemia. Although no patients 
had ST segment changes or chest pain indicating ische- 
mia, an imbalance in the oxygen supply and demand 
relationship leading to a decrease in functional prop- 
erties of myocardial segments may have played a part 
in the decrease in EF. As we had foreseen, analysis 
of SEF profile does not permit demonstration of the 
development of segmental wall-motion abnormalities 
as well as echocardiography does (25). Such abnor- 
malities are sensitive and specific markers of regional 
ischemia (17,18). They occur within seconds of re- 
gional lactate production, even when only the sub- 
endocardium is affected, and before or in the absence 
of changes on the ECG (17,18). During exercise test- 
ing, electrical changes in ventricular myocardium oc- 
cur at a higher ischemic threshold than contractile 
changes (21,22). Using two-dimensional] transesopha- 
geal echocardiography, Smith et al. (19) demonstrated 
that intraoperatively, new segmental wall motion ab- 
normalities occurred four times more frequently than 
ST segment changes. In patients with disabling CAD, 
during induction of anesthesia tracheal intubation the 
occurrence of ventricular wall motion abnormalities 
has been documented using cardiokymography (26). 
In the coronary ischemic patients studied, EF was 
slightly but significantly lowered at the end of the 
surgical procedure, and an obvious decrease in EF 
occurred after extubaticn. 
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The marked decrease in EF noted after extubation 
is consistent with the hypothesis that the frequency 
and magnitude of the decrease in EF during recovery 
depends on the mass of potentially ischemic myo- 
cardium present at the end of the surgical procedure. 
During exercise testing, patients with normal resting 
left ventricular EF presented the greatest decrease in 
left ventricular EF and the highest frequency of new 
regional dysfunction (22). 

The findings of the present study do not indicate 
why GEF is lower during anesthesia immediately after 
surgery than 24 hr after the operation. If we could 
have measured EF preoperatively, we could have 
evaluated this point more precisely. Theoretically, two 
mechanisms may play a part in explaining the de- 
crease in EF at the end of surgery: during the oper- 
ative period an imbalance between myocardial oxygen 
supply and demand may have occurred without pro- 
ducing ST segment depression. This situation may 
produce ventricular dysfunction lasting several hours 
(20). The other possibility is that NO has detrimental 
effects on areas of the myocardium supplied by a 
compromised coronary artery (27). 

The beneficial effects of intravenous nitroglycerin 
administration in ischemic heart disease are well-known 

28). In particular, nitroglycerin improves ventricular 
function at rest and during exercise (6,7). Variance 
analysis did not show any modification in EF at T1 
and T2 in group 3, which indicates that the prophy- 
lactic nitroglycerin administered to group 3 prevented 
the decrease in EF noted after extubation. This effect 
is probably secondary to a decreased afterload stress 
and/or to an improvement in regional myocardial blood 
supply and oxygen demand leading to an increase in 
the functional properties of myocardial segments dur- 
ing recovery in patients receiving intravenous nitro- 
glycerin infusion (28). 

In conclusion, this study demonstrates that recov- 
ery from general anesthesia causes abnormalities in 
left ventricular function in patients suffering from mild 
angina pectoris. These abnormalities occur in the ab- 
sence of ischemic ST segment depression detected by 
ECG recording. Thus, jusi after extubation in patients 
with CAD, the cardiac work and global oxygen con- 
sumption increase, but global and regional left ven- 
tricular function decrease. The prophylactic infusion 
of nitroglycerin prevents these changes. These facts 
permit better understanding of the physiopathology 
of some of the cardiac complications that threaten 
patients with CAD during the postoperative period. 


Supplies of nitroglycerin (LENITRAL 8) were kindly made available 
by Jean-Noël Plas, Mp, of the Besins-Iscovesco Laboratories (Paris). 
We gratefully acknowledge the secretarial assistance of Sasha Mann. 
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Spinal and Supraspinal Mechanisms for Morphine—Pentobarbital 
Antinociceptive Interaction in Relation to Cardiac Acceleration 


Response in Rats 


John A. Jebeles, Bs, Igor Kissin, MD, PhD, and Edwin L. Bradley Jr, PhD 


JEBELES JA, KISSIN I, BRADLEY EL Jr. Spinal and 
supraspinal mechanisms for morphine—pentobarbital 
antinociceptive interaction in relation to cardiac 
acceleration response in rats. Anesth Analg 1986; 
65:601-4. 


In rat experiments, morphine—pentobarbital antinociceptive 
interaction affecting cardiac acceleration in response to so- 
matic noxious stimulation was analyzed with the use of 
intrathecal and intracerebroventricular injections of mor- 
phine. Cardiac acceleration response was induced by tail 
compression, and heart rate was monitored by electrocar- 
diogram. Pentobarbital, in a subanesthetic intravenous dose, 
antagonized the antinociceptive effect of morphine in rela- 
tion to cardiac acceleration response when morphine was 
administered intracerebroventricularly. Without pentobar- 


In rat experiments, subanesthetic doses of intrave- 
nous pentobarbital previously have been found to an- 
tagonize the inhibitory effect of intravenous morphine 
on cardiac acceleration response to noxious stimula- 
tion (1). Antagonism with morphine in relation to 
cardiac acceleration response to noxious stimulation 
was also demonstrated when subanesthetic doses of 
halothane were used (2). The following explanation 
was suggested for the ability of pentobarbital and 
halothane to antagonize the effect of morphine on the 
heart rate response to noxious stimulation: The effect 
of morphine on the cardiac acceleration response re- 
sults primarily from recruitment of some inhibitory 
control system concerned with this response. Pen- 
tobarbital or halothane depresses this system, and as 
a result, the effect of morphine on the cardiac accel- 
eration response is profoundly weakened (1,3). 
Antinociceptive effects of opioids may be a con- 
sequence of 1) passive blockade of nociceptive 
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bital, morphine, 8 wg, almost completely blocked the cardiac 
acceleration response, which was only 1 + 1 beats/min. 
When pentobarbital (10 mg/kg intravenously) was admin- 
istered in a combination with the same dose of morphine, 
the cardiac acceleration response was 29 + 3 beats/min 
(P < 0.0001). In contrast, when morphine was adminis- 
tered intrathecally, the antagonism by pentobarbital of the 
cardiac acceleration response was absent. The results sug- 
gest that supraspinal mechanisms play a decisive role in 
morphine—pentobarbital antagonism in relation to cardiac 
acceleration response to somatic noxious stimulation. 


Key Words: ANALGESICS—morphine. HYPNOT- 
ICS, BARBITURATES—pentobarbital. PAIN—vascular 
responses. 


throughput at the spinal and supraspinal levels, and/or 
2) recruitment of active inhibition of nociceptive 
throughput, also involving the supraspinal or spinal 
systems (4). Thus in theory, pentobarbital could an- 
tagonize the effect of morphine on cardiac accelera- 
tion response at both spinal and supraspinal levels. 
In the present study, we evaluated the extent to which 
spinal and supraspinal mechanisms contribute to the 
morphine—pentobarbital antagonism of the cardiac 
acceleration response to pain. The role of spinal and 
supraspinal suppression systems was analyzed with 
the use of intrathecal and intracerebroventricular in- 
jections of morphine. 


Methods 


Male Sprague—Dawley rats (300-350 g) with chroni- 
cally implanted intrathecal or cerebroventricular cath- 
eters were used for the study (n = 66). Intrathecal 
catheters (PE 10) were implanted according to Yaksh 
and Rudy (5). Cerebroventricular catheters (PE 20) 
were implanted. in the left lateral cerebral ventricle 
according to Brakkee et al. (6). The position of the 
catheter was verified after the experiment by the in- 
jection of India ink. Surgical procedures for implan- 
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tation of the catheters were performed under halo- 
thane anesthesia (2%, inspired) 4 or 5 days before the 
experiments. 

The experiments were carried out in a clear cham- 
ber 30 x 25 x 40 cm in size. The rat's tail (for noxious 
stimulation) or hind leg (for drug injections into the 
saphenous vein) could be extended from the chamber 
through a slot. Noxious stimulation was produced by 
compression of the tail (1 kg on a 0.25-cm? area in the 
middle of the tail) for 60 sec. Heart rate response to 
the noxious stimulation was monitored from an elec- 
trocardiogram. In order to obtain ECG recordings in 
unrestrained animals, chronic electrodes from insu- 
lated steel wire were inserted subcutaneously (7) 
simultaneously with the implantation of cerebro- 
ventricular or intrathecal catheters. Heart rate was 
monitored by a special microcomputer-based car- 
diotachometer that counted the number of beats dur- 
ing 15-sec time intervals with an output update every 
5 sec (2). The cardiotachometer provided records of 
heart rate on a Grass 7-D polygraph. Maximal increase 
in the heart rate at the end of a 60-sec period of stim- 
ulation was used for statistical calculations. 

Three series of experiments were performed. First, 
a pilot series of experiments was performed to find 
equipotent doses for intrathecal and intracerebroven- 
tricular morphine with regard to suppression of car- 
diac acceleration response to noxious stimulation. With 
intracerebroventricular morphine administration, 3-, 
5-, and 8-ug doses were used with four animals re- 
ceiving each dose level. With the intrathecal route, 
10-, 15-, and 20-ug doses were administered, also four 
animals per dose. 

A second series of experiments was performed with 
intracerebral administration of morphine (8 ug), using 
two groups of seven animals. In one group, morphine 
was administered with pentobarbital (10 mg/kg intra- 
venously), in another (control) with saline (intrave- 
nous). The morphine dose was selected on the basis 
of the results obtained in the pilot series of experiments. 

The third series of experiments involved the in- 
trathecal administration of morphine; this series also 
used one group of animals with pentobarbital (10 mg/kg 
intravenous) and one without. Due to the nature of 
data to be obtained in this series of experiments (see 
Results), two subseries of experiments were per- 
formed: one with morphine, 15 ug (seven experi- 
ments with saline and seven with pentobarbital) and 
another with morphine, 20 yg (also seven experi- 
ments with saline and seven with pentobarbital). 

Morphine (Merck Co.) was injected into a cere- 
broventricular or intrathecal catheter with a Hamilton 
syringe. The agent was dissolved in a balanced ion 
solution (5). Volume of injection was 10 pl. Pento- 
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Figure 1. Interaction of intracerebroventricular morphine with 
pentobarbital regarding cardiac acceleration response to noxious 
stimulation. Columns represent mean + SEM of determinations 
made in two groups of rats (seven animals in each group). Saline 
control group received morphine, 8 yg intracerebroventricularly; 
morphine—pentobarbital group received the same dose of mor- 
phine in combination with pentobarbital, 10 mg-kg™’, intrave- 
nously. HR, heart rate. 


barbital (Butler Co.) was injected intravenously. Both 
agents were administered 15 min before the test of 
cardiac acceleration response. In all series of experi- 
ments, each animal was given only one dose of the 
agent or agents, and noxious stimulation was applied 
only once. 

Results are presented as the mean plus or minus 
SEM. The statistical significance of differences in the 
effect of morphine on cardiac acceleration response 
with and without pentobarbital as assessed by the 
two-sample t-test (8). A linear regression model re- 
lating cardiac acceleration response to log morphine 
doses (intrathecal and intracerebroventricular) was 
made by the method of least squares (9). These equa- 
tions were used to estimate the potency ratio relating 
to intrathecal and intracerebroventricular routes of 
morphine administration (10). 

To comply with institutional policy and standards 
of the American Association for Accreditation of Lab- 
oratory Animal Care, the cardiac acceleration re- 
sponse without administration of morphine was not 
tested. Values for cardiac acceleration response to 
noxious stimulation without analgesia were taken from 
our previous study where conditions of noxious stim- 
ulation were the same. (See reference 2, Fig. 2.) 


Results 


Figure 1 summarizes the effect of intracerebroven- 
tricular morphine on the cardiac acceleration response 
to noxious stimulation with and without pentobar- 
bital. Without pentobarbital, morphine (8 ug) almost 
completely blocked the cardiac acceleration response 
(1 + 1 beats/min). When pentobarbital (10 mg/kg in- 
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Table 1. Effect of Pentobarbital on Inhibition of Cardiac Acceleration Response to Noxious Stimulation Induced by 





Intrathecal Morphine 


Morphine Pentobarbital* 
(ug) (mg/kg) n 
15 0 7 
15 10 7 
20 0 7 
20 10 7 


Baseline heart rate CA 


(beats/min) (beats/min) P 
442 + 21° 23.1 + 8.1 — 
452 + 9 18.1 + 3.6 NS 
458 + 21 p ee e a = 
463 + 15 1.7 + 0.9 NS 


Abbreviations: CA, cardiac acceleration response to the tail compression; NS, not significant, as compared to the above group. 


“Pentobarbital was administered intravenously. 
Mean + SEM. 


travenously) was administered in combination with 
the same dose of morphine, the cardiac acceleration 
response was 29 + 3 beats/min (P < 0.0001). The 
difference indicates that pentobarbital weakens the 
effect of intracerebroventricular morphine on cardiac 
acceleration response. In contrast, as seen in Table 1, 
when morphine was administered intrathecally, the 
antagonism of pentobarbital regarding the cardiac ac- 
celeration response was absent. When morphine was 
used without pentobarbital (with saline) in a dose of 
20 ug, it caused complete blockade of the cardiac ac- 
celeration response. A combination of the same dose 
of morphine with pentobarbital (10 mg/kg, intrave- 
nously) did not weaken the effect of morphine. To 
exclude the possibility of synergism between mor- 
phine and pentobarbital with this route of morphine 
administration, an additional subseries of experi- 
ments with morphine, 15 ug, was used. In this dose, 
morphine does not suppress the cardiac acceleration 
response completely, thus making it possible to find 
out whether a morphine—pentobarbital combination 
produces a more pronounced effect than morphine 
used alone. As seen in Table 1, the addition of pen- 
tobarbital did not cause significant changes in the ef- 
fect of morphine on the cardiac acceleration response. 
Figure 2 represents linear regression models relating 
the cardiac acceleration response to the morphine 
dosage with intracerebroventricular and intrathecal 
routes of its administration. Data from the pilot series 
of experiments and from the two other series (exper- 
imental groups using morphine without pentobarbi- 
tal) were used to generate these regression lines. Po- 
tency ratio relating intracerebroventricular and intra- 
thecal morphine administration was 2.99, with 95% 
fiducial limits 1.81 and 5.01. 


Discussion 


The results of the present study show that morphine, 
whether used intracerebroventricularly or intrathe- 
cally, produces a dose-dependent suppression of car- 
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Figure 2, Linear regression models relating the cardiac acceleration 
response to the dose of morphine administered intracerebroven- 
tricularly and intrathecally. Abbreviations: ICV/IT, potency ratio 


relating intracerebroventricular and intrathecal morphine (see 
Methods section); FL, fiducial limits; HR, heart rate. 


diac acceleration response to somatic noxious stim- 
ulation. In rat experiments, somatic noxious stimulation 
has been found to result in a cardiac acceleration re- 
sponse that is accompanied by an increase in cardiac 
sympathetic nerve activity. Severance of the cardiac 
sympathetic and parasympathetic nerves has shown 
that the cardiac acceleration response to somatic nox- 
ious stimulation is mediated by cardiac sympathetic 
nerves without significant vagal contributions (11). 
Thus the index chosen for the present study repre- 
sents a somatosympathetic reflex, and the ability of 
morphine to inhibit this reflex agrees with the report 
(12) that opioids markedly depress somatosympa- 
thetic C reflex recorded via the inferior cardiac nerve. 

Antinociceptive effects of locally applied morphine 
may be due either to direct inhibition of nociceptive 
throughput or to recruitment of active inhibition of 
nociceptive pathways. These mechanisms may be in- 
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volved on both the spinal and supraspinal levels (4). 
The present study demonstrates that morphine- 
pentobarbital antagonism in relation to cardiac acce- 
leration response to noxious stimulation (1) may be 
reproduced with intracerebroventricular, but not in- 
trathecal, administration of morphine. This fact 
suggests that the outcome of the morphine- 
pentobarbital interaction regarding cardiac accelera- 
tion response is determined at the supraspinal level. 

Morphine—pentobarbital antagonism may be ex- 
plained if we assume that the effect of morphine on 
the cardiac acceleration response is due to the re- 
cruitment of a supraspinal system inhibiting the no- 
ciceptive reflex: pentobarbital acts by suppressing the 
descending control mechanism recruited by mor- 
phine. Pentobarbital has been reported to abolish re- 
ticular inhibition (caused by electrical stimulation of 
bulbar reticular formation) of segmental reflex poten- 
tials (13). This fact agrees with the above suggestion, 
that in a similar way supraspinal inhibition activated 
by morphine may be suppressed by pentobarbital. 

The alternative explanation for the morphine- 
pentobarbital antagonism may be based on Martin’s 
hypothesis on pharmacologic redundancy as an adap- 
tive mechanism in the central nervous system (14). 
He suggested that functional systems in the CNS are 
comprised of multiple subgroups of parallel pathways 
that differ from each other in that the types of serially 
organized neurons comprising them differ in their 
sensitivity to pharmacologic agents (morphine). Pen- 
tobarbital may disinhibit redundant pathways for the 
cardiac acceleration reflex that have a low sensitivity 
to morphine. As a result, somatic sympathetic reflex 
blocked by morphine reappears after administration 
of relatively small doses of pentobarbital. 

In conclusion, our results suggest that supraspi- 
nal mechanisms play a predominant role in mor- 
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phine—pentobarbital antagonism in relation to cardiac 
acceleration response to somatic noxious stimulation. 
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The authors studied the respiratory and analgesic effects of 
nalbuphine (9.21 mg/kg, intravenous), naloxone (0.014 
mg/kg, intravenous), and placebo (normal saline) when given 
after morphine (0.21 mg/kg, intravenous) in a double-blind, 
randomized fashion. Resting end-tidal CO, (PETco,), ven- 
tilatory and occlusion pressure responses to CO, rebreath- 
ing, and pain threshold were measured in 12 healthy adult 
volunteers before, 5 min, and 30 min after morphine. Nal- 
buphine, naloxone, or saline were administered 55 min after 
morphine, and the above measurements were repeated 5 min 


Nalbuphine is an agonist/antagonist opioid with a 
“ceiling effect” that limits its respiratory depression 
and analgesia (1,2). Nalbuphine has also been used 
as an alternative to naloxone for the reversal of opioid- 
induced respiratory depression (3-7). Proposed advan- 
tages of nalbuphine as an opioid antagonist include 
a lower incidence of side effects (e.g., arrhythmias, 
hypertension), little chance of renarcotization, and 
sparing of analgesia and sedation. However, the ef- 
fectiveness of nalbuphine as an opioid antagonist has 
not been evaluated in a carefully performed, double- 
blind comparison with naloxone. Also, although nal- 
buphine apparently does restore adequate ventilation 
after large doses of opioids used in anesthesia (4-7), 
whether or not nalbuphine reverses the effects of 
moderate doses of opioid agonists is not known. 
Therefore, the objectives of this study were to quan- 
tify in a double-blind, randomized fashion the res- 
piratory and analgesic effects of nalbuphine and nal- 
oxone when given after morphine sulfate. 
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later (60 min after morphine) as well as 90, 120, 180, and 
240 min after morphine. Whereas naloxone reversed res- 
piratory depression as measured by all three respiratory 
parameters, nalbuphine either further depressed (resting 
PETco,) or did not affect (ventilatory and occlusion pressure 
responses to CO, rebreathing) respiratory drive. Morphine 
produced a significant elevation of the pain threshold. Sig- 
nificant decreases in the pain threshold were seen only after 
naloxone. Saline and nalbuphine did not significantly alter 
the pain threshold. The data indicate that nalbuphine may 
not reliably antagonize moderate doses of morphine. 


Key Words: ANALGESICS—morphine. ANTAGO- 
NISTS, NARCoTIC-nalbuphine. 


Methods and Materials 


The protocol was approved by the Institutional Re- 
view Board at the University of Utah Health Sciences 
Center, and informed consent was obtained from 12 
healthy (ASA I) adult volunteers. Each subject was 
tested at three sessions at least 48 hr apart. Study 
sessions began at 8:00 AM, and all subjects refrained 
from alcohol, caffeine, and aspirin for 24 hr and fasted 
for 8 hr prior to each session. 
Upon arrival in the morning, subjects reclined in 
a dimly lit, quiet area. After local infiltration with 0.5 
ml 1% lidocaine, an intravenous catheter was inserted 
into a peripheral vein and a 0.9% NaCl solution in- 
fused at 100 ml/hr. A CO, rebreathing challenge and 
a pain threshold determination were then performed 
to familiarize subjects with the tests and to allay anx- 
iety. After a 15-min rest period, baseline resting end- 
tidal CO2 (PETco,), ventilatory and occlusion pressure 
responses to CO; rebreathing, and pain threshold were 
measured. Ten minutes later, 0.21 mg/kg of morphine 
sulfate was injected intravenously over 1 min. Five 
and 30 min after the injection of morphine, all eval- 
uations were repeated. Fifty-five minutes after the 
injection of morphine, subjects received either nal- 
buphine (0.21 mg/kg), naloxone (14 wg/kg), or normal 
saline intravenously in a 3-ml volume. All measure- 
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ments were repeated 5 min after reversal (60 min after 
the morphine had been injected), as well as 90, 120, 
180, and 240 min after the morphine. Subjects re- 
ceived intravenous injections of the other two test 
solutions at two additional (separate) sessions. The 
subjects and investigators were blinded as to drug 
identity at all sessions. The sequence of drugs for the 
three sessions was a completely balanced design with 
two replications of each permutation. 


Rebreathing Circuit and Measurement 


A modified Read rebreathing circuit was used in this 
study. The rebreathing apparatus includes a 7.5-L 
Neoprene rebreathing bag enclosed in a lucite box. A 
Validyne differential pressure transducer measuring 
the pressure drop across a Fleisch pneumotachograph 
at the outlet of the box allowed determination of ven- 
tilatory flow. Flow was directed either into the bag or 
through the pneumotachograph by a three-way valve 
located at the mouth of the box, permitting the subject 
to breathe room air when not rebreathing CO2. In- 
spiratory and expiratory limbs of the circuit were sep- 
arated by a Collins J-Valve. A solenoid operated oc- 
clusion valve was located near the mouthpiece end 
of the inspiratory airway. CO, concentration was 
measured by a Beckman LB-2 Infrared CO, Analyzer 
that sampled gas at the mouthpiece at a rate of 200 
ml/min and returned it to the central chamber of the 
Collins valve. Airway occlusion pressure was mea- 
sured by a Microswitch pressure transducer in the 
central chamber of the Collins valve. The pressure 
signal was low pass filtered at 30 Hz. Total circuit 
volume was 9 L. Inspiratory circuit resistance was 1.9 
cm H,O0-L~'sec™!, and expiratory circuit resistance 
was 1.7 cm H,O-L~}.sec™+. Resistances were constant 
between flow rates of 15 and 135 L/min. 

Flow, CO2, and pressure signals were sampled by 
a microcomputer (Motorola Exorciser 2) from a 12-bit 
analog to digital (A/D) convertor (Burr—-Brown MP7208 
Data Acquisition System) with resolution of 4.8 mV 
per A/D unit and range of + 10 volts. Occlusion pres- 
sure (Po) measurements were made at the start of 
every inspiration. The inspiratory occlusion valve was 
closed 300 msec after the start of expiration. If the 
shape of the occluded pressure waveform was satis- 
factory, inspiration pressure was sampled and stored 
(Po.1). A signal to reopen the valve was sent 120 msec 
after the onset of inspiration. 


Rebreathing Data Collection and Analysis 


After allowing the subject to breathe quietly through 
the mouthpiece with a noseclip in place, resting 
PETco, was recorded, and the three-way valve was 
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switched to the rebreathing bag previously filled with 
7.8% CO; and 92.2% O». At this time the subject took 
three deep breaths and then resumed normal breath- 
ing. For each breath, the following data were dis- 
played on a video terminal and stored in memory: 
inspiratory time (Tj), breath duration (Tiot), fractional 
inspired and end-tidal CO, concentration (% INCO; 
% ETCO;), tidal volume (VT), minute ventilation (VE), 
inspiratory mouth occlusion pressure at 100 msec (Po.1), 
and elapsed time since start of CO, rebreathing. All 
gas volumes were corrected to BTPS. Subjects were 
encouraged to rebreathe as long as possible, but could 
stop at any time; the desired goal was to reach a 
PETco, of 65 mm Hg. The change in PETco, during 
rebreathing challenges was always an increase of at 
least 15 mm Hg. 

After completion of each CO, challenge, plots of 
minute ventilation (VE) vs PETco,, and Poi vs 
PETco, were displayed on the video display terminal. 
To ensure that the regression line reflected only data 
from the linear portion of the ventilatory response, 
data from the first five breaths were excluded from 
analysis. Data from all other breaths were used for 
least squares linear regression. Resting PETco,, the 
slope of VE vs PETco,, and the slope of Po; vs 
PETco, were saved for analysis at a later time. 


Pain Threshold Measurement 


Pain threshold was determined using a Grass 588 
stimulator and stimulation isolation unit (Grass med- 
ical instruments) and a constant current unit (Grass 
medical instruments CCU IA) to deliver an electrical 
stimulus (square wave, 60 Hz) of 0.4 sec in duration 
through a concentric (Tursky) electrode (Farral In- 
struments) applied to the dorsal nondominant fore- 
arm. (8,9,10). 

The electrode was applied to the skin after shaving 
the area and preparing it with an abrasive cream. 
After removing the abrasive cream, electrode contact 
was insured with a standard conductive gel. Initial 
current applied was below sensation threshold, the 
current then being increased by 0.2 to 0.5 mamps 
every 5 sec until the subject described the current as 
painful (pain threshold). Three such measurements 
were taken and averaged at each test time. 


Statistical Analysis 


The effect of morphine and a comparison of the effects 
of placebo, nalbuphine, and naloxone on respiratory 
variables (resting PETco,, slope VE/PETco,, slope 
Po.31/PETco,) and pain threshold was performed by 
paired t-test, analysis of variance (ANOVA), repeated 
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Table 1. Resting PETco, (mm Hg) before and after 0.21 mg/kg Intravenous Morphine Sulfate 
injectonseiven 65 Minutes after morphine 
min after morphine Baseline 5 30 60 (5)* 120 (65) 240 (185) 
Saline 49.3 + 0.7 44.0 + 1.0 45.3 + 0.9 45.2 + 1.0 45.8 + 1.0 46.0 + 0.9 
Naloxone 4).6 + 1.1 44.6 + 1.1 45.8 + 1.0 42.9 + 1.4? 44.2 + 1.1 44.8 + 1.3 
Nalbuphine 49.0 + 0.9 43.8 + 1.3 44.3 + 0.9 46.5 + 0.9 46.3 + 0.9 45.6 + 1.2 


“Numbers in parentheses indicate minutes after postmorphine injection. 
èP = 0.005, naloxone effect 5 min after injection (60 min after morphine) compared to 30 min after morphine. 
cP = 0.038, nalbupaine effect 5 min after injection (60 min after morphine) compared to 30 min after morphine. 


measures ANOVA, repeated measures analysis of 
covariance (ANCOVA), and nonparametric Wilcoxon 
signed ranks test. The P1D, P3D, P35, and P2V pro- 
grams within the BMDP statistical package were used 
for statistical computations. (BMDP Statistical Soft- 
ware, Department of Biomathematics, UCLA. Ber- 
keley, CA: University of California Press, 1981.) P 
values < 0.05 were considered statistically significant. 


Results 


The sample consisted of 12 subjects (5 females, 7 males) 
aged 21-36 yr (mean 28.75 yr). Mean weight was 71.5 
kg (range 49-84 kg). All subjects had 15 or more years 
of education. Eight subjects were in medically related 
occupations. 


Respiratory Effects: Resting PETco, (Table 1) 


Mean baseline values for the resting PETco, of the 12 
subjects at the three different testing sessions ranged 
from 40.0 to 40.6 mm Hg; there was no significant 
difference among these values. Morphine alone 
produced statistically significant increases in the rest- 
ing PETco, at 5 and 30 min after injection. There was 
no difference in the degree of morphine-induced res- 
piratory depression at the three testing sessions. 

Comparing the resting PETco, 30 min after mor- 
phine and 5 min after naloxone, nalbuphine, or saline, 
we found a significant difference in the way the three 
injections affected resting PETco,. There was no change 
in PETco, with saline, a significant decrease in 
PETco, after naloxone, and a further, statistically sig- 
nificant increase in PETco, after nalbuphine. 

Comparing resting PETco, levels at 30 min and 4 
hr after morphine, we found there was no longer a 
significant difference among the three postmorphine 
injections. This is consistent with renarcotization after 
naloxone administration. The increased respiratory 
depression after nalbuphine also dissipated. Figure 1 
schematically presents the changes in the resting 
PETco, over time in all three groups. 
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Figure 1. Resting end-tidal CO, (PETco,) at baseline, 5 and 30 min 
after morphine (0.21 mg/kg intravenous), and after nalbuphine 
(0.21 mg/kg intravenous), naloxane (0.014 mg/kg intravenous), and 
saline given 55 min after morphine. 


Respiratory Effects: Slope Po1/PETco, (Table 2) 


Mean baseline values for the Po.3/PETco, slopes of the 
12 subjects at the three different testing sessions ranged 
from 0.42 to 0.48 cm H,O/mm Hg; there was no sig- 
nificant difference between these values. Morphine 
alone produced significant decreases in slope 
Po.1/PETco, at 5 and 30 min. There was no difference 
in the degree of morphine-induced respiratory 
depression at the three testing sessions. 

Comparing the slopes at 30 min after morphine and 
5 min after reversal (60 min after morphine), we found 
a significant difference in the response of the 
Po.3/PETco, slope 5 min after the three reversal drugs. 
There was no change with saline, significant reversal 
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Table 2. The Slope of the Occlusion Pressure Response to CO. (Po.1/PETco,) in cm H,O/mm Hg before and after 


0.21 mg/kg Intravenous Morphine 


Injection given 55 


Minutes after morphine 


min after morphine Baseline 5 30 60 (5)? 120 (65) 240 (185) 
Saline 0.42 + 0.07 0.22 + 0.03 0.21 + 0.04 0.23 + 0.2 0.35 + 0.1 0.26 + 0.05 
Naloxone 0.44 + 0.06 0.24 + 0.06 0.23 + 0.04 0.45 + 0.08? 0.32 + 0.05 0.32 + 0.07 
Nalbuphine 0.48 + 0.1 0.18 + 0.02 0.20 + 0.03 0.17 + 0.03 0.18 + 0.03 0.22 + 0.05 
‘Numbers in parentheses indicate minutes after postmorphine injection. 
IP = 0.005, naloxone effect 5 min after injection (60 min after morphine) compared to 30 min after morphine. 
of depression with naloxone, and no significant change 5 
with nalbuphine. 
Comparing Po,/PETco, slopes at 30 min and 4 hr è SALINE 
after morphine, we found there was no longer a dif- HN a NALOXONE 
ference among the three postmorphine injections. This AA a NALBUPHINE 
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Respiratory Effects: Slope VE/PETco, (Table 3) 
Mean baseline values for the VE/PETco, slopes of the 
12 subjects at the three different testing sessions ranged 
from 1.52 to 1.67 L-min™~':mm~! Hg; there was no 
difference among these values. Morphine alone 
produced significant decreases in the VE/PETco, slope 
at 5 and 30 min. There was no significant difference 
in the degree of morphine-induced respiratory 
depression at the three testing sessions. 

Comparing the slopes 30 min after morphine and 
5 min after reversal (60 min after morphine), we found 
a significant difference in the VE/PETco, slope 5 min 
after the three postmorphine injections. There was no 
change with saline, significant reversal of depression 
with naloxone, and no change with nalbuphine. 

Four hours after morphine there was no difference 
among the three groups. There was no renarcotiza- 
tion evident 3 hr after naloxone administration. 


Pain Threshold (Table 4) 


Mean control values for the pain threshold of the 
twelve subjects at the three different testing sessions 
ranged from 4.6 to 5.6 mamps; there was no signifi- 
cant difference between these values. Morphine alone 
significantly increased pain threshold at 5 and 30 min. 
The increase in pain threshold was significantly greater 
at 30 than at 5 min after morphine. There was no 
significant difference in the degree of morphine-in- 
duced analgesia at the three testing sessions. 
Comparing pain thresholds 30 min after morphine 
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Figure 2. Slope of the occlusion pressure response to CO, re- 
breathing (Po.1/PETco,) at baseline, 5 and 30 min after morphine 
(0.21 mg/kg intravenous), and after nalbuphine (0.21 mg/kg intra- 
venous), naloxone (0.014 mg/kg intravenous), and saline given 55 
min after morphine. 


and 5 min after saline, naloxone, or nalbuphine, we 
found a statistically significant difference in the way 
the postmorphine injections affected the pain thresh- 
old. Naloxone significantly lowered the pain thresh- 
old, whereas neither nalbuphine nor saline signifi- 
cantly altered the pain threshold. Four hours after 
morphine there was no significant difference among 
the three postmorphine injection drugs. 


Discussion 


The results of this study indicate that nalbuphine does 
not always antagonize opioid induced respiratory 
depression. Specifically, we found that 0.21 mg/kg of 
intravenous nalbuphine given 55 min after 0.21 mg/kg 
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Table 3. The Slope of the Ventilatory Response to CO, (VE/PETco,) before and after 0.21 mg/kg Intravenous Morphine 


Injection given 55 


Minutes after morphine 


min after morphine Baseline 5 30 60 (5)? 120 (65) 240 (185) 
Saline 1.67 + 0.25 1.03 = 0.17 1.00 + 0.19 1.10 + 0.19 1.46 + 0.25 1.42 + 0.20 
Naloxone 1.54 + 0.25 1415 0.2) 1.27 + 0.24 rS 2022" 1.52 + 0.30 1.48 + 0.27 
Nalbuphine 1.60 + 0.22 0.85 + 0.18 0.92 + 0.20 1.08 + 0.17 1.28 + 0.17 1.30 + 0.25 
‘Numbers in parentheses indicate minutes after postmorphine injection. 
eP = 0.001, naloxone effect 5 min after injection (60 min after morphine) compared to 30 min after morphine. 
Table 4. Current (mamp) Judged Painful (Pain Threshold) before and after 0.21 mg/kg Intravenous Morphine 
eonenn Minutes after morphine 
min after morphine Baseline 5 30 60 (5) 120 (65) 240 (185) 
Saline 4.6 + 0.7 6.0 + 1.0 +10 6.2 + 1.0 6.2 + 1.1 5.6 = 1:0 
Naloxone 0: a 6.6 + 1.3 7.6 +14 6:5) ee R 64 + 1.4 62 2&3 
Nalbuphine 4.8 + 0.7 5.9 + 1.1] 6.2 + 1.1 6.0 + 1.0 6.1 + 1.1 5.8 + 1.1 


"Numbers in parentheses indicate minutes after postmorphine injection. 
*P < 0.05 compared to 30 min after morphine (see text for explanation). 


of intravenous morphine sulfate further depressed 
ventilation in healthy adult volunteers. On the other 
hand, 0.014 mg/kg of intravenous naloxone tempo- 
rarily reversed the respiratory depression produced 
by 0.21 mg/kg of morphine sulfate. 

Several clinical reports indicate that nalbuphine has 
been successfully used as an opioid antagonist after 
anesthesia (4-7). The doses of narcotic analge- 
sic/anesthetic used in these studies varied but were 
usually large. Latasch et al. (6) administered 22.7 + 
6.0 ng/kg of fentanyl for operations lasting 80 + 36 
min in general surgical patients and concluded that 
20 mg of intravenous nalbuphine, given as a single 
dose, promptly and totally antagonized fentanyl- 
induced apnea. Tabatabai et al. (5) reported that 
0.1 mg/kg of intravencus nalbuphine reversed res- 
piratory depression in male patients who received 
28.5 + 2 ml of fentanyl for unspecified operations 
lasting 5.4 + 0.3 hr. Moldenhauer et al. (7) found 
nalbuphine (administered in 15-yg/kg increments) an- 
tagonized respiratory depression when given several 
hours or more after anesthesia with up to 120 + 7 
g/kg of fentanyl for aortocoronary bypass surgery, 
but noted some difficulties with hypertension as well 
as renarcotization. In light of our findings, and the 
fact that nalbuphine itself is a respiratory depressant 
(1,2), it is apparent that the effect of nalbuphine is 
dependent upon whether or not other opioids are 
previously administered and in what amount. 

Opioid-induced respiratory depression is consid- 
ered to be primarily related to agonist activity at the 
p receptor. Studies by Romagnoli and Keats (2) and 
Gal et al. (1) indicate that the maximum respiratory 


depressant effects of nalbuphine are similar to those 
produced by about 30 mg/70 kg of morphine in healthy 
young adults. This may explain why we found no 
reversal effect with the doses of morphine and nal- 
buphine used in this study. It is possible that nal- 
buphine will antagonize opioid effects only after an 
opioid agonist dose greater than the equivalent of 
about 30 mg/70 kg of morphine. Perhaps after this 
dose, the weak or partial u agonist nalbuphine dis- 
places the more potent u agonist and results in an 
apparent decrease in respiratory depression. 

On the other hand, if nalbuphine is a pure antag- 
onist at the u receptor and an agonist at the x receptor 
(where its mild respiratory depression is possibly 
produced) (11), it is possible that a smaller dose of 
nalbuphine, e.g., 2-4 mg, could produce different 
results. In this case, antagonism at the u receptor may 
require less nalbuphine than agonism at the x recep- 
tor, due to differences in receptor affinity, and a smaller 
dose of nalbuphine than that used in our study could 
theoretically be a more effective opioid antagonist (12). 

Various degrees of residual respiratory depression 
(e.g., Paco, values ranging from 36 to 50 mm Hg) 
have been reported after reversal of an opioid agonist 
by nalbuphine (3-7). Renarcotization necessitating close 
monitoring and redosage with nalbuphine has also 
been documented (7). The amount of opioid agonist 
administered and the time course of its elimination 
and termination of clinical effect obviously play im- 
portant roles. The amount of surgical pain present 
also will probably influence respiratory drive after re- 
versal with nalbuphine. Thus nalbuphine may not be 
optimal antagonist therapy in patients who have little 
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postsurgical pain and/or may be placed at added risk 
with even moderately elevated Paco, (e.g., increased 
intracranial pressure). It is also not known whether 
nalbuphine will restore adequate respiration in pa- 
tients (e.g., the elderly) who sometimes have pro- 
found respiratory depression from even small to mod- 
erate doses of opioids. 

In this study the changes in pain threshold indicate 
that the analgesic effects of naloxone and nalbuphine 
paralleled the respiratory effects. Naloxone decreased 
pain threshold (antagonized morphine), whereas nal- 
buphine did not affect it. Others have reported find- 
ings suggesting that analgesia from nalbuphine co- 
incides with its respiratory effect and that a ceiling 
exists for both (1). Although analgesia may be pre- 
served when reversing respiratory depression with 
nalbuphine, the immediate onset or increase in pain 
has been reported with this practice (7). Additional 
doses of nalbuphine reportedly can alleviate such pain, 
perhaps through « receptor-mediated analgesia, but 
the success rate of this approach is not known. Again, 
the type of operation and amount of postoperative 
pain is likely to significantly influence the results of 
opioid agonist reversal with nalbuphine. 

The lack of uniform renarcotization with naloxone 
or a consistent increased effect after nalbuphine with 
all tests performed is most likely due to different de- 
grees of variability within each test. Although the 
resting PETco, clearly documents statistically signifi- 
cant renarcotization with naloxone as well as poten- 
tiation of respiratory depression with nalbuphine, the 
occlusion pressure and ventilatory response to CO, 
do not. We have previously found similar differences 
among these various tests (13). Our analgesic testing 
was also limited by a fairly large degree of variability 
as demonstrated by the standard error of the mean 
(Table 4). 

Another problem we were confronted with was the 
method and dose of naloxone and nalbuphine to ad- 
minister. Due to practical constraints in terms of study 
design and drug effect and duration, we chose to 
administer one large antagonist dose, realizing that 
this is not the optimal way to clinically administer 
opioid antagonists. Attempting to define equipotent 
doses for naloxone and nalbuphine was also difficult 
due to the different nature of the drugs. Based on our 
clinical experience and pilot studies, we chose doses 
we felt would maximize antagonism without exceed- 
ing the clinical dosage range. The inclusion of larger 
doses of morphine, e.g., 30 mg/70 kg and 45 mg/70 
kg, would have perhaps permitted a better under- 
standing of opioid antagonism with nalbuphine. Un- 
fortunately, even if our foresight had equaled our 
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hindsight, the practical constraints in performing such 
a study would have been considerable. 

Despite these limitations, we believe that several 
clinical implications concerning the use of nalbuphine 
as an opioid antagonist can be made. First, where 
mild to moderate doses of an opioid have produced 
respiratory depression requiring antagonism, nalbu- 
phine may not be reliable. Also, where even mild to 
moderate degrees of CO2 retention are undesirable or 
contraindicated, nalbuphine should be avoided. Fi- 
nally, the ability of nalbuphine to adequately antag- 
onize severe respiratory depression that sometimes 
occurs from analgesic doses of opioid agonists is not 
known, and perhaps naloxone should be chosen as 
more reliable in these circumstances. 

In summary, in young healthy volunteers 15 mg/70 
kg of nalbuphine enhanced the respiratory depression 
produced by 15 mg/70 kg of morphine while nalox- 
one, 1.0 mg/70 kg, temporarily antagonized respira- 
tory depression induced by the same dose of mor- 
phine. Also, in these doses, naloxone antagonized 
morphine-induced analgesia, whereas nalbuphine did 
not. We conclude that small to moderate amounts of 
opioid agonist may not be reversed, and indeed may 
be potentiated by nalbuphine. 
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To test the effectiveness of adrenergic agonists in correcting 
the vascular sequelae of spinal anesthesia, we used venous 
reservoir volume (RV) and mean arterial pressure (MAP) 
as indices of the changes in venous capacitance and arterial 
resistance produced by adrenergic agonists in dogs anes- 
thetized with pentobarbital and undergoing cardiopulmo- 
nary bypass (CPB). A CPB-based technique was chosen both 
to prevent drug and reflex effects on the heart from influ- 
encing the results and to provide a convenient means by 
which to monitor venous capacitance. Total spinal anes- 


Spinal anesthesia has profound effects on cardiovas- 
cular function, particularly when autonomic blockade 
includes thoracic dermatomes. These effects result 
primarily from loss of sympathetic tone in resistance 
and capacitance vessels, which leads to decreased MAP 
and to relative hypovolemia (1). The means to quan- 
tify these hemodynamic changes remain controver- 
sial. To define the circulatory effects of spinal anes- 
thesia, previous studies have measured changes in 
central venous pressure, pulmonary arterial pressure, 
and MAP, or changes in limb vessel flow or volume 
(2,3). Unfortunately, unless cardiac output remains 
constant, a secondary change in heart rate or con- 
tractility may obscure the true extent of change in any 
of these variables. 

The choice of pharmacologic agent to reverse these 
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thesia significantly decreased both RV and MAP relative to 
steady-state CPB values. Return of these hemodynamic al- 
terations to baseline was attempted using pure a- and 
B-adrenergic agonists, and a mixed adrenergic agonist 
(phenyl-ephrine, isoproterenol, and ephedrine, respec- 
tively). Isoproterenol increased RV, but further decreased 
MAP. Phenyl-ephrine increased MAP but not RV. Ephed- 
rine increased both MAP and RV. We conclude that a mixed 
adrenergic agonist such as ephedrine more ideally corrects 
the noncardiac circulatory sequelae of spinal anesthesia than 
does either a pure a- or B-adrenergic agonist. 


Key Words: ANESTHETIC TECHNIQUES, SPINAL. 
SYMPATHETIC NERVOUS SYSTEM, PHARMACOL- 
OGY-—-vasopressors. 


cardiovascular effects of spinal anesthesia is also an 
unsettled issue. Investigators have compared drug 
effects on isolated arteries and veins, without rec- 
ognizing that central venous volume changes might 
not be well-modeled by cutaneous vessels (4). Other 
researchers have measured the effects of catechol- 
amines on venous capacitance and arteriolar resist- 
ance during cardiopulmonary bypass (CPB) with a 
fixed cardiac output, but have failed to block auto- 
nomic reflexes (e.g., with spinal anesthesia) as part 
of their experimental preparation (5-13). Cardiopul- 
monary bypass techniques are especially useful be- . 
cause during constant pump flow arterial pressure 
reflects arterial resistance and venous reservoir vol- 
ume (RV) reflects venous capacitance. 

The purpose of this study was to determine the 
effects of total spinal anesthesia on MAP and RV, and 
to compare the ability of phenylephrine (an a-agonist), 
isoproterenol (a B-agonist), and ephedrine (a mixed 
a- and B-agonist) to return RV and MAP to control 
levels during conditions of constant pump flow. 


Methods 


Twenty adult greyhounds, mean weight 25 + 2 kg 
(SD), were anesthetized with intravenous thiopental 


SPINAL ANESTHESIA AND VENOUS RETURN 


(25 mg/kg) and pentobarbital (5 mg/kg). The dogs then 
underwent tracheal intubation and mechanical ven- 
tilation with 100% oxygen. Anesthesia was main- 
tained with intravenous pentobarbital (1 mg/kg) at 
hourly intervals. Arterial and central venous catheters 
were placed in femoral vessels. A 19 gauge epidural 
catheter was inserted through a 17 gauge Weiss epi- 
dural needle into the cisterna magna, and correct 
placement was confirmed by free flow of cerebrospi- 
nal fluid through the catheter. The CPB circuit was 
primed with 2 L of lactated Ringer’s solution. The 
spleen was excised to eliminate changes in RV at- 
tendant to catecholamine-induced contraction of its 
muscular capsule (14). Median sternotomy was per- 
formed. Heparin (4 mg/kg) was injected into the right 
atrium. 

Normothermic CPB was initiated via right atrial 
and femoral cannulae at a flow of 75 ml-kg7*-min~' 
_ using a Sarns (Ann Arkor, MI) Model 1800 bypass 
pump and Shiley (Irvine, CA) Model S100A oxygen- 
ators. The heart was fibrillated with topical ice to es- 
tablish total CPB. Venous return drained by gravity 
into a calibrated reservoir approximately 30 cm below 
the level of the right atrium. Arterial pH, and oxygen 
and carbon dioxide tensions were maintained within 
normal ranges (7.40 + 0.05, >100 mm Hg, and 40 + 
5 mm Hg, respectively) and kept constant during drug 
testing by altering CPB pump gas flows or by admin- 
istering intravenous bicarbonate in the rare instances 
when this was necessary. 

After the steady-state MAP (mean 49 + 12 mm Hg 
(sD)) and RV (1-1.5 L, depending on the rate of in- 
sensible fluid loss during CPB) were recorded, total 
spinal anesthesia was induced by the injection of 20 
mg of hyperbaric tetracaine through the cisternal cath- 
eter, our pilot studies in awake dogs having indicated 
that this dose of tetracaine reliably produces all effects 
of total spinal anesthesia, including insensibility and 
apnea. At this stage, four dogs were eliminated from 
the study, two because of excessive bleeding and two 
because of unexplained metabolic acidosis. 

In seven of the remaining dogs, mean weight 25 + 
1 kg (sD), correction of the resulting hemodynamic 
changes was attempted by the use of phenylephrine 
(an a-agonist), isoproterenol (a B-agonist), or ephed- 
rine (a mixed a- and B-agonist). Each animal served 
as its own control. The drugs were administered ran- 
domly according to the following protocol: phenyl- 
ephrine and isoproterencl were given by constant in- 
travenous infusions in increasing doses; ephedrine 
was given by bolus intravenous injections. Because 
of its prolonged duration of action, no additional drugs 
were given after ephedrine. Because of this con- 
straint, and in order to limit bypass time to 120 min, 
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not all animals received all doses of each drug. In- 
fusions were continued and data were recorded for a 
full 3 min at each dose to ensure that a steady-state 
had been reached, a pilot study having shown no 
additional advantage to recording data or continuing 
infusions for 5- or 10-min periods. Each animal re- 
ceived all that was to be given of one drug before 
another drug was given. Again, because of limitations 
of time, hemodynamic variables were not allowed to 
return to baseline between doses of a drug. Then, 
before the next drug was given, the animal was rested 
for an interval comparable to the total infusion time 
for the preceding drug so that a steady-state would 
be present at the start of the next series of doses. 

All animals received 1 L of lactated Ringer’s solu- 
tion before sternotomy, and a constant infusion of 
crystalloid (20 ml-kg~*-hr~*) before CPB. During CPB, 
fluid was given to each dog in boluses between drug 
tests as necessary (typically a total of 1-1.5 L was 
given). These boluses produced the expected changes 
in RV (e.g., 0.5 L immediately raised RV by roughly 
0.5 L). Venous reservoir volume changes were cor- 
rected to account for constant insensible fluid loss 
sustained throughout each experiment. We defined 
this loss as the difference, if any, between the RV 
measured after the final dose of the final drug had 
dissipated and that recorded immediately before the 
first dose of the first drug was infused. Fluid given 
during CPB was added to this total. Statistical com- 
parison. with control values was assessed by analysis 
of variance (ANOVA) and paired t-test. 

The remaining nine animals were used in studies 
testing other drugs, and those results will be reported 
separately. 


Results 


Total spinal anesthesia in the 16 dogs caused pooling 
of venous blood and loss of arteriolar tone reflected 
at steady-state as decreased RV (—5.6 + 3.3 mi/kg 
(mean + SD)” = 15, P < 0.001) and decreased MAP 
(—30.7 + 18.8%, n = 16, P < 0.001) when compared 
to steady-state, prespinal anesthesia values. In the 
seven study dogs, each drug dose when administered 
during total spinal anesthesia at steady-state produced 
its maximal effect within 90 sec, then maintained those 
hemodynamic effects throughout the observation pe- 
riod for thatdrug. These results are displayedin Table 1. 
Isoproterenol increased RV in a reversible, dose-de- 
pendent manner, but lowered MAP compared with 
steady-state postspinal anesthesia measurements. 
Phenylephrine increased MAP in a dose-dependent, 
reversible manner, but had no clear effect on RV. 
These dose-dependent effects of phenylephrine and 
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Table 1. Circulatory Response to Adrenergic Agonists during Total Spinal Anesthesia in Seven Dogs 


Total cumulative dose by 


Drug dosage end of measurement (ug/kg) 


Phenylephrine’ (ug-kg~ ’min~*) 


0.05 0.15 + 0 

0.50 1.60 + .07 
5.00 16.60 + .07 
10.00 46.62 + .07 
20.00 106.61 + .06 


Isoproterenol’ (ug-kg~min~') 


0.005 0.015 + 0 

0.050 0.161 + .006 

0.500 1.661 + .006 

1.000 4.665 + 0 
Ephedrine‘ (ug/kg) 

200 200 + 0 

1000 1200 + 0 


Values are mean + SD. 


Change in RV Number of 
Change in MAP (%) (ml/kg) observations 
(Baseline MAP = 44 + 8 mm Hg) 
2.0 + 9.8 0.1 + 1.8 4 
1.8 + 8.5 0.2 + 1.8 6 
24.4 + 21.9 033. 6 
74.4 + 37.2° —1.6 + 6.4 5 
160.0 + 31.8" 6.62 7.0 4 
(Baseline MAP = 50 + 7 mm Hg) 
—2.7 + 4.6 —1.4 + 2.3 3 
—23.4 + 19.3 1.1 + 3.4 4 
—37.7 + 18.6 4.5 + 4.3 4 
—38.7 + 14.7” 7.7 + 4.1? 3 
(Baseline MAP = 35 + 4mm Hg) 
33.0 + 16.5° oy Wi aa 4 
91.0 + 28.0° ITEL 4 


Abbreviation: RV, volume in venous reservoir of cardiopulmonary bypass circuit, 
"Each infusion continued for 3 min. Animals received doses of one drug in succession (without return of MAP to baseline) before any dose of another 


drug was given. 
‘P< 0.05 
‘Bolus injections given 3 min apart. 


isoproterenol achieved statistical significance at higher 
doses. Ephedrine significantly increased both RV and 
MAP at both doses tested. These results also appear 
in Table 1. 


Discussion 


The marked decreases in MAP and RV observed after 
total spinal anesthesia were indicative of expected ar- 
teriolar dilatation and increased venous capacitance. 
Of the three adrenergic agonists we studied, only the 
mixed agonist, ephedrine, increased both MAP and 
RV. 

The experimental design attempted to overcome 
the difficulties of measuring the circulatory effects of 
adrenergic agonists by modeling the systemic circu- 
lation during CPB as a simple three-compartment cir- 
cuit (Fig. 1). In this model, arterial vessels constituted 
one compartment containing relatively small amounts 
of blood. The primary effect of this compartment on 
the systemic circulation was to regulate resistance to 
flow (and therefore the MAP). The venous compart- 
ment and the venous reservoir were modeled to con- 
tain the greatest part of the blood volume, but to have 
negligible effects on the resistance of the circuit. The 
blood in the venous vessels was considered to be in 
equilibrium with that in the rigid venous reservoir of 
the CPB circuit. Thus changes in the level of blood in 
the CPB reservoir resulted from changes in the ca- 
pacitance of the venous system caused by, for ex- 


ample, catecholamine therapy or spinal anesthesia, 
or from changes in blood volume caused by, for ex- 
ample, transfusion or hemorrhage. 

Although this approach certainly oversimplifies the 
systemic circulation during CPB, it does not have the 
limitations inherent in studying the effects of adre- 
nergic agonists on single venous or arterial beds. 
Greene (1) has recommended agents combining both 
a- and f-effects (specifically mephentermine or 
ephedrine) for the treatment of spinal anesthesia-in- 
duced hypotension. He based his suggestion in part 
on a study by Zimmerman et al. (4), which showed 
relatively greater constriction of canine forelimb veins 
than arteries by these mixed agents than by pure a- 
agonists. However, Sutter’s work (15) demonstrated 
the difficulty of predicting the systemic venous re- 
sponse to an adrenergic agonist based on observa- 
tions of a single vein or venous bed. For example, he 
consistently found constriction, no effect, or dilata- 
tion, respectively, when venous strips from the rabbit 
external jugular veins, posterior vena cava, or anterior 
mesenteric veins were incubated with identical con- 
centrations of isoproterenol. We believe that our steady- 
state measurements of RV in a CPB circuit provide a 
better index for alterations in total venous capacitance 
caused by spinal anesthesia or catecholamine therapy 
than do either size or flow characteristics of peripheral 
vessels. 

Numerous investigators have used CPB techniques 
to study adrenergic pharmacology. Guyton et al. (16), 
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Figure 1. Three-compartment model for the circulation of blood 
during cardiopulmonary bypass. 


in their classic series of experiments that divided car- 
diac output into its systemic and myocardial com- 
ponents, used increasing doses of epinephrine to in- 
crease mean systemic pressure and thereby to augment 
venous return. Using metycaine, they produced total 
spinal anesthesia in all experiments to eliminate reflex 
circulatory changes. Using CPB but not spinal anes- 
thesia, Green (5), Rutlen et al. (7), Emerson (8), Braun- 
wald et al. (9), Kaiser et al. (10), Caldini et al. (11), 
and Miller-Ruchholtz et al. (13) measured flow and 
volume changes caused by B-adrenergic agonists that 
were consistent with a drug-induced increase in ve- 
nous return. Imai et al. (6), also using general rather 
than spinal anesthesia, compared the ability of a-, B-, 
and mixed a-, B-agonists to produce changes in ve- 
nous return. Both the mixed agonist norepinephrine 
and the B-agonist isoproterenol were found to in- 
crease the RV of a CPB circuit; the pure a-agonist 
methoxamine was ineffective. However, after treat- 
ment with propranolol (a B-blocker), neither norepi- 
nephrine nor isoproterenol increased RV. Imai et al. 
concluded that B-adrenergic agonists, but not a-ad- 
renergic agonists, increased RV. 

Measurements in all those studies except Guyton’s 
could have been influenced by sympathoadrenal re- 
flexes that would have been blocked by spinal anes- 
thesia, and thus they did not address our clinical con- 
cerns regarding the hemodynamics of spinal anesthesia 
(6,10,12,13). Guyton did use spinal anesthesia, but 
did not study the drugs of greatest importance to the 
anesthetist. However, using the results of those stud- 
ies, we could plan our study to provide two important 
additional pieces of information. First, we planned to 
examine critically the effects of spinal anesthesia on 
RV and MAP. Second, using a model that incorpo- 
rated spinal anesthesia and a fixed cardiac output, we 
planned to compare the ability of a- and B-adrenergic 
agonists to influence RV. 

We chose to produce total spinal anesthesia, rather 
than to limit blockade to midthoracic dermatomes, in 
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Figure 2. Modification of three-compartment model to account for 
blood flow differences between “rapid” and “slow” transit organs. 


order to ensure that the level of block would be uni- 
form and. easily maintained throughout each experi- 
ment. The usual disadvantages of total spinal anes- 
thesia—block of medullary cardiac and respiratory 
centers and loss of consciousness—do not apply to 
anesthetized animals on total CPB. On the other hand, 
with constant pump flow and oxygenation, the effects 
of efferent autonomic blockade should be comparable 
to those produced when spinal anesthesia blocks are 
no higher than upper thoracic dermatomes. 

We chose pentobarbital as our basal anesthetic to 
minimize the influence of the general anesthetic agent 
on our experimental results. Using pentobarbital 
anesthesia, we could not decrease overall venous ca- 
pacitance (i.e., we could not increase RV) with even 
our highest dose of phenylephrine. Our data con- 
firmed those of Imai et al. (6), as we had suspected 
they would. However, our findings contrast with those 
from a study by Miiller-Ruchholtz et al. in which a 
morphine-based general anesthetic was used and in 
which there was an increase in RV after a-adrenergic 
treatment (12). Morphine has been identified as caus- 
ing profound decreases in RV in both animal and 
human studies (17-19), and we suspect that its use 
as the basal anesthetic in the experiments by Müller- 
Ruchholtz et al. influenced their results. 

The question of how the generally vasodilating agent: 
isoproterenol could cause “venoconstriction” and in- 
crease venous return deserves comment. We specu- 
late that B-adrenergic receptor stimulation increases 
venous return in much the same way that cross- 
clamping the aorta at the diaphragm does (20,21), i.e., 
by decreasing blood flow through the splanchnic vas- 
culature. The model we used (Fig. 1) can be further 
subdivided to include rapid transit and slow transit 
systems in parallel as separate entities, each with its 
own arterial and venous compartments. Included in 
the rapid transit system is the circulation to heart, 
brain, and kidneys, whereas the main component of 
the slow transit system is the splanchnic vascular bed 
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(Fig. 2). If B-adrenergic receptor stimulation were to 
redirect flow from the splanchnic bed, the net effect 
would be indistinguishable from that of a transfusion 
or of generalized venoconstriction. Our system would 
measure this effect as an increase in the RV. The con- 
cept that redistribution of blood flow, rather than veno- 
constriction, is the mechanism by which f-adrenergic 
agonists increase venous return is supported by the 
work of Green (5), Rutlen et al. (22), and Permutt and 
Caldini (21). | 

Regardless of mechanism, our findings are con- 
sistent with those of most other investigators and sup- 
port the conclusion that a mixed adrenergic agonist, 
such as éphedrine, provides more appropriate drug 
treatment for the noncardiac circulatory sequelae of 
spinal anesthesia than either a pure a- or a pure £- 
adrenergic agonist. 


The authors wish to thank Drs. Donald Lambert, Jan Horrow, 
Sanjay Datta, David Leith, and Vladimir Fencl for many helpful 
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Abrams and Ms. Patty Deane for their expert secretarial assistance. 
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Roles of Fentanyl and Nitroglycerin in Prevention of Myocardial 
Ischemia Associated with Laryngoscopy and Tracheal Intubation in 
Patients Undergoing Operations of Short Duration 


J. Fusciardi, MD, G. Godet, MD, J. M. Bernard, MD, M. Bertrand, MD, E. Kieffer, Mp, 


and P. Viars, MD 


FUSCIARDI J. GODET G, BERNARD JM, BERTRAND M, 
KIEFFER E, VIARS P. Roles of fentanyl and nitroglycerin 
in prevention of myocardial ischemia associated with 
laryngoscopy and tracheal intubation in patients 
undergoing operations of short duration. Anesth Analg 
1986;65:617—24. 


The purpose of this study was to evaluate intravenous ni- 
troglycerin given during induction of anesthesia as a means 
for prevention of myocardial ischemia and hemodynamic 
changes associated with induction, laryngoscopy, and in- 
tubation, in patients with stable angina scheduled for vas- 
cular operations of moderate duration. Forty-six patients 
were randomly assigned to receive either fentanyl, 3 pgikg 
(group 1, n = 6), fentanyl, 8 ugikg (group 2, n = 20), 
or fentanyl 3 wg/kg plus a continuous intravenous nitro- 
glycerin infusion, 0.9 ug-kg~ 'anin~* (group 3, n = 20), 
in addition to thiopental—pancurontum anesthetic induc- 
tion, prior to laryngoscopy and intubation. The criteria for 
recognizing myocardia: ischemia were the following: hori- 
zontal or downsloping ST segment depression equal to or 


After induction of anesthesia with thiopental, circu- 
latory responses to laryngoscopy and tracheal intu- 
bation often include tachycardia and increases in ar- 
terial (1) and pulmonary capillary wedge pressures 
(PCWP) (2). In patients with coronary artery disease, 
induction and tracheal intubation are the periods of 
anesthesia where the risk of myocardial ischemia is 
highest (3). High-dose fentanyl-oxygen anesthesia, 
widely recommended in such patients, effectively 
prevents hemodynamic and electrocardiographic 
changes during intubation (4). However, high-dose 
fentanyl results in prolonged loss of consciousness, 
and postoperative respiratory support is often re- 
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greater than 1 mV, and/or ventricuiar arrhythmia, on CM5 
recording. In group 1, myocardial ischemia occurred during 
laryngoscopy and intubation in feur patients, and mean 
blood pressure (MBP), heart rate, and mean pulmonary 
wedge pressure (PCWP) increased significantly (P < 0.05). 
Despite greater stability in MBP and heart rate in group 
2, myocardial ischemia still occurred in four patients (not 
significantly different from group 1). Nitroglycerin added 
to low-dose fentanyl (group 3) produced significant reduc- 
tion in myocardial ischemia (1/20) when compared with 
group 1 (P < 0.01), and significantly greater stability in 
PCWP during laryngoscopy and intubation in comparison 
to groups 1 and 2. In patients with stable angina undergoing 
operations of short duration, the use of nitroglycerin in- 
fusion and low-dose fentanyl significantly decreases the in- 
cidence of myocardial ischemia associated with induction of 
anesthesia and tracheal intubation. 


Key Words: INDUCTION—anesthesia. HEART— 
ischemia. INTUBATION, TRACHEAL. 


quired. For these reasons, high-dose fentany! cannot 
be recommended in patients with coronary artery dis- 
ease undergoing surgical procedures of short dura- 
tion, Or surgery requiring early postoperative evalu- 
ation of neurological status, as in patients undergoing 
carotid endarterectomy. In such situations low-dose 
fentanyl, 4-8 pg/kg, used as an adjunct to thiopen- 
tal-pancuronium, might be of value, because post- 
operative recovery is more rapid, and hemodynamic 
response to laryngoscopy and intubation may be 
blunted both in hypertensive patients (2,5) and in 
patients at risk for the development of myocardial 
ischemia (6). However, it is not clear whether low- 
dose fentanyl anesthesia fully prevents myocardial 
ischemia associated with laryngoscopy and tracheal 
intubation in patients with angina pectoris. Another 
potentially useful method is the utilization of nitro- 
glycerin, which is known to prevent not only stress- 
induced pressor responses when administered by the 
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intranasal route (7), but also intraoperative myo- 
cardial ischemia both during cardiac (8) and noncar- 
diac surgery (9) when administered by continuous 
intravenous infusion. 

The present study was designed to evaluate the 
efficacy of low-dose fentanyl at two dose levels and 
continuous nitroglycerin infusion in prevention of 
myocardial ischemia and pressor responses during 
laryngoscopy and tracheal intubation in patients with 
stable angina scheduled for operations of short 
duration. 


Methods 


The study consisted of forty-six patients with a history 
of angina pectoris but no history of previous myo- 
cardial infarction within the preceding 6 months who 
were scheduled to undergo short duration vascular 
surgery. Informed consent and the approval of our 
committee on human studies were obtained. Selection 
of patients was not based upon age or cardiac med- 
ications used preoperatively. Only patients with left 
bundle branch block were excluded; they were ex- 
cluded because ST segment depression made difficult 
the interpretation of changes in ST segments associ- 
ated with myocardial ischemia. Cardiac medications 
were continued on the morning prior to operation. 


Anesthetic Management 


Premedication consisted of intramuscular morphine, 
0.1 mg/kg, and scopolamine, 0.007 mg/kg, 1 hr before 
insertion of a 7F triple lumen Swan—Ganz catheter 
and a radial arterial cannula, with local infiltration 
with lidocaine, 1%. Patients were then randomly as- 
signed to one of the three following groups. In group 
1 anesthetic induction was with thiopental (5-7 mg/kg) 
adequate to produce loss of consciousness, after which 
pancuronium, 0.1 mg/kg, and fentanyl, 3 ug/kg, were 
administered. Laryngoscopy was performed 2 min 
after starting the fentanyl administration and 4 min 
after administration of pancuronium. In group 2 tim- 
ings of drug administrations were identical, except 
that thiopental, 3 mg/kg, and fentanyl, 8 wg/kg, were 
given. In group 3 doses of thiopental and fentany] 
were the same as in group 1, but patients in group 3 
also received a continuous infusion of nitroglycerin 
dissolved in a propylene glycol solvent (Lenitral Be- 
sins-Iscovesco Co.) and administered by an electrical 
medical pump with a propylene syringe and 
polyethylene tubing. The nitroglycerin infusion was 
begun 20 min before anesthetic induction at a rate of 
0.25 ug-kg~'min~! after preinfusion of 500 ml saline. 
The rate of nitroglycerin infusion was increased every 
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5 min at 0.25 wg-kg~'smin~* and the mean rate of 
nitroglycerin used before induction was 0.90 + 0.15 
gkg 'min™t. Infusion of saline was continued dur- 
ing the increasing rates of nitroglycerin infusion to 
limit to 20 mm Hg the decrease in mean blood pres- 
sure (MBP) and to avoid an increase in heart rate 
greater than 15 beats/min. Pulmonary wedge pressure 
was monitored during infusion. The nitroglycerin in- 
fusion was maintained throughout the anesthetic pro- 
cedure. All patients breathed 100% oxygen for a 5- 
min period prior to anesthetic induction and there- 
after throughout the entire study. 

One of our team performed laryngoscopy and in- 
tubation in each patient. After intubation, patients 
received manually assisted ventilation for 5 min be- 
fore institution of mechanically controlled ventilation. 


Monitoring of ECG and Hemodynamics 


Electrocardiogram lead CM5 was continuously mon- 
itored by one of our team responsible for the prompt 
recognition and appropriate treatment of ischemia. In 
addition, ECG lead CM5, as well as systemic arterial 
pulmonary and pulmonary capillary wedge pressures 
(PCWP) were simultaneously recorded on a calibrated 
FM magnetic tape recorder (Hewlett-Packard 3964A). 
Records were subsequently used for retrospective 
analysis of ST segments and pressure curves by an 
independent reviewer. An ischemic episode was de- 
fined as an ischemic-type horizontal or downsloping 
ST segment depression equal to or greater than 1 mV 
and lasting for at least 0.8 msec and for more than 
three beats. Premature ventricular contractions were 
also considered as evidence of myocardial ischemia. 

Heart rate, mean systemic arterial blood pressure 
(MPB), PCWP, mean right atrial pressure, and cardiac 
output (based on two or three serial determinations 
using the thermodilution technique) were also mea- 
sured. Elevations in PCWP equal to or higher than 18 
mm Hg were considered an abnormality that required 
appropriate treatment. Cardiac index, stroke index, 
and systemic arterial resistances (SAR) were calcu- 
lated using standard formulas. 


Timings of Hemodynamic Measurements 


Measurements in the three groups (Fig. 1) were made 
at five times: first, just before the beginning of the 
protocol (baseline); second, 1 min before laryngos- 
copy , i.e., at the end of anesthetic induction; third, 
during laryngoscopy and intubation, fourth, 5 min 
after laryngoscopy while the patients were manually 
ventilated; and fifth, at the fifth.minute of controlled 
ventilation. In addition, another measurement was 
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Start of Anesthetic Manually Controlled 

intravenous NTG induction assisted ventilation 

| ventilation 

l 
= 20 0 3 4 9 14 
Time (min) p—s 

i ji 4 / 
Figure 1. Representation of the protocol a s 7 
used in the three groups. Timing of nitro- Systemic 


glycerin administration and anesthetic 
procedures is shown at the tor of the fig- 
ure. The successive times (indicated by 
arrows) when measurements were made 
are shown at the bottom of the figure. An 
additional point of measurement, not in- 
dicated on the figure, was taken in group 
3 during nitroglycerin infusion at a mean 
dose of 0.9 ug-kg~'min~', just before 
starting the anesthesic induction, i.e., 
baseline in group 3 + 20 min. 


PAP/PCWP 


Group 1 and 
Group 2 


Group 3 


— 


Baseline in 
GROUP 3 (B) 


taken in group 3 during infusion of nitroglycerin and 
saline, just before induction of anesthesia. 


Statistical Analysis 


The Kruskall and Wallis H-test was used to decide 
whether the three groups of patients belonged to an 
homogeneous population or to different populations. 
This test therefore was applied to initial clinical and 
hemodynamic status of the patients. Comparisons 
among groups were thereafter made using either the 
y test or Fisher's exact test (for comparison of the 
frequencies of ECG and PCWP abnormalities}; Wil- 
coxon and Mann-Whitney tests were used to com- 
pare nonpaired hemodynamic values. Hemodynamic 
data in each group were analyzed using one-way anal- 
ysis of variance and paired t-test. Statistical signifi- 
cance was assumed when P < 0.05. 


Results 


Clinical characteristics of the three groups are shown 
in Table 1. There were no statistically significant dif- 
ferences between groups in mean age, class of angina 
pectoris, incidence of hypertension, type of preop- 
erative antianginal medications, or type and mean 
duration of surgical procedures. Volume of saline in- 
fused was greater in group 3 than in the other two 
groups. In the control group, no patient had a pre- 
vious history of left ventricular failure (acute or sub- 
acute pulmonary edema). 
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Timing of the measurements 


Changes in the ST segment associated with myo- 
cardial ischemia occurred in three out of six of the 
control group during induction, laryngoscopy, or in- 
tubation (Table 2). Because of the high frequency of 
myocardial ischemia in the control group, it was de- 
cided to limit this group to the first six patients. Fre- 
quency of ST segment changes was not significantly 
less in group 2 (2/20) than in group 1. ST segment 
changes occurred mainly during and shortly after lar- 
yngoscopy and intubation (Table 2). No ST segment 
change was observed in group 3. The frequency of 
oT segment changes associated with myocardial is- 
chemia was thus significantly reduced by the addition 
of nitroglycerin below the frequency of such changes 
in the control group (P < 0.001). In each case, after 
appropriate treatments such as additional injections 
of fentanyl and/or thiopental because of tachycardia 
or hypertension, and an intravenous bolus of nitro- 
glycerin, 0.30 mg, in one case, no ischemic episode 
lasted more than 10 min. 

Cardiac arrhythmias, i.e., ventricular premature 
contractions, were also observed (Table 2), but the 
frequency with which they occurred was not signif- 
icantly different in the three groups. An abnormal 
elevation of A-C waves with an ECG ST segment 
change was observed during laryngoscopy in one pa- 
tient in group 2 (Fig. 2). 

In Table 2, ST segment changes, cardiac arrhyth- 
mias, and abnormalities in A-C and V waves are con- 
sidered as evidence of myocardial ischemia. The num- 
ber of patients who suffered myocardial ischemia was 
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Table 1. Clinical Characteristics in the Three Groups 
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Group 3 
Group 1 Group 2 (fentanyl, 3 ug/kg, with 
(fentanyl 3 ng/kg) (fentanyl, 8 ug/kg) continuous nitroglycerin) 
Characteristic n= n = 20 n = 20 
Age" 62 + 16 64 + 10 68 + 8 
Male/female ratio 6/0 15/5 17/3 
Patients with previous myocardial infarction 1 3 2 
Class of angina’ 
2 2 9 7 
3 2 8 7 
4 2 3 6 
Previous history of left ventricular failure O° 7 5 
Hypertension 3 15 13 
Preoperative antianginal treatments 
_ B-Blocker 2 8 10 
Calcium entry blocker 2 10 10 
Nitrates 4 15 14 
Volume of saline infusion (ml) 433 + 367 525 + 290 1110 + 3987 
Type of surgery 
Carotid endarterectomy 5 16 16 
Vertebral arterial surgery 1 2 2 
Lumbar sympathectomy 0 1 1 
Subclavian arterial surgery 0 1 1 
Duration of operation (min)* 58 + 15 54 + 16 57 + 18 


"Values are mean + SD. 

*According to the New York Heart Association classification. 
1P < 0.01, when compared to group 1 and group 2. 

‘P < 0.05, when compared to group 2 and group 3. 


Table 2. Electrocardiographic and Hemodynamic Abnormalities Related to Myocardial Ischemia in the Three Groups 


Abnormality in A-C 


or V wave, suggesting Total frequency of 


Patient Ventricular premature acute dysfunction in events related to 
numbers ST segment depression contraction ventricular compliance myocardial ischemia 
Group 1 6/6 

1 L Le 
2 L 
3 L I 
4 Lag 
Group 2 8/20 
1 PL- Leta 
2 L A = 20 mm Hg (L) 
3 LE+10 
4 J 
Group 3 3/20 
1 FLLS 


Abbreviations: L, laryngoscopy and intubation; I, Induction; L + 5, 5 min after laryngoscopy and intubation; L + 10, 10 min after laryngoscopy and 


intubation. 


4 out of 6 in group 1, 4 out of 20 in group 2, and 1 
out of 20 in group 3. The frequency of myocardial 
ischemia was thus not statistically less in group 2 than 
in group 1, but. was significantly lower in group 3 
than in group 1 (P < 0.01). There was no statistical 
difference in the incidence of myocardial ischemia be- 
tween groups 2 and 3. Reporting these data in terms 
of total frequency of events related to myocardial is- 


chemia, there were six such events in group 1, eight 
in group 2, and three in group 3. The incidence of 
events related to myocardial ischemia did not reach 
a statistically significant difference in groups 2 and 3 
(P = 0.07). 

Hemodynamic changes (Table 3) included signifi- 
cant increases above baseline levels in MBP (18%), 
heart rate (14%), PCWP (54%), and SAR (37%) as- 
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Figure 2. Myocardial ischemia associated with an abnormal rise in 
AC waves (18 mm Hg) occurring in one patient from group 2 five 
min after laryngoscopy. Acute left ventricular compliance dys- 
function induced by ischemia is implied. 


sociated with laryngoscopy and intubation in group 
1. In group 2, laryngoscopy and intubation were as- 
sociated with a 37% increase in SAR without signif- 
icant changes above baseline values in MPB, heart 
rate, or PCWP. In group 3, infusion of nitroglycerin 
produced no significant change in MPB, heart rate, 
cardiac index, or PCWP prior to induction of anes- 
thesia, but did result in a 19% reduction in SAR (Table 
4). After anesthetic induction, a 19% decrease in MBP 
was observed in group 3, and laryngoscopy with in- 
tubation was associated with a 16% increase in heart 
rate (Table 3). In these three groups anesthetic in- 
duction was associated with comparable reductions 
in cardiac and stroke index. 

Comparison of hemodynamic responses in groups 
1 and 2 showed no statistically significant differences. 
On the other hand, MBP, PCWP, and SAR were sig- 
nificantly lower in group 3 than in group 1 during 
laryngoscopy and intubation {P < 0.05). Nitroglycerin 
decreased SAR before anesthetic induction, and so 
SAR was significantly more decreased in group 3 than 
in group 2 after anesthetic induction (P < 0.05) and 
remained lower in group 3 than in group 2 during 
laryngoscopy and intubation (P < 0.05). Because the 
reduction in cardiac index was comparable in the two 
groups (Table 3), MBP was significantly lower in group 
3 than in group 2 after anesthetic induction (P < 0.05). 

There were no statistically significant differences 
in mean values of PCWP during laryngoscopy and 
intubation in groups 3 and 2, but the frequency of 
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sustained elevation in PCWP to or above 18 mm Hg 
was significantly more frequent in both groups 1 (4/6) 
and 2 (5/20) than in group 3 (0/20) (P < 0.05) (Fig. 3). 


Discussion 


Patients with ischemic heart disease often need sur- 
gical procedures for conditions unrelated to their 
coronary artery disease. Roy et al. (3) have shown 
that the incidence of ST segment depression in pa- 
tients with coronary artery disease is greatest about 
the time of intubation as rate-pressure product in- 
creases. More recently Slogoff and Keat (10) empha- 
sized the necessity for the prevention of myocardial 
ischemia by demonstrating a correlation between pre- 
bypass ischemia and postoperative infarction. How- 
ever, only two methods have been shown to be ef- 
fective in the prevention of myocardial ischemia and 
stress response induced by laryngoscopy and intu- 
bation in patients with coronary artery disease. Lunn 
et al. (4) have documented hemodynamic stability and 
prevention of myocardial ischemia with high-dose 
fentanyl (50 wg/kg) and oxygen anesthesia. However, 
this method can induce muscle rigidity and hyper- 
capnia. Moreover, postoperative respiratory depres- 
sion often leads to the need for prolonged mechanical 
ventilatory support. Thus for patients with coronary 
artery disease undergoing noncardiac surgical pro- 
cedures, high-dose fentanyl anesthesia may not be a 
satisfactory means of preventing myocardial ische- 
mia, especially when surgery is of short duration or 
when postoperative evaluation of neurologic status is 
needed, as after carotid endarterectomy. The second 
method for effective prevention of myocardial ische- 
mia during induction of anesthesia, laryngoscopy, and 
intubation in patients with coronary artery disease, 
is based upon the use of nitroglycerin. For example 
intranasal administration of an nitroglycerin solution 
1 min prior to the induction of anesthesia attenuates 
the pressor response to laryngoscopy and intubation 
of the trachea (7) is ASA I patients. In patients with 
coronary artery disease, intravenous nitroglycerin also 
prevents intraoperative myocardial ischemia during 
both cardiac (8) and noncardiac surgery (9). However, 
a dose of 1.0 ugkg`tmin™! would appear to be nec- 
essary, because no beneficial effect has been docu- 
mented with a lower dose (0.5 ugkg~!min™ t) (9,11). 

Since 1982, when used as an adjunct to thiopental 
anesthesia in hypertensive patients, low or interme- 
diate doses of fentanyl, ranging 5-8 ng/kg, have been 
said to reduce significantly both hormonal and hemo- 
dynamic response to laryngoscopy and intubation (2,6). 
Martin et al. have shown that this method can blunt 
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Table 3. Hemodynamic Responses 
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Laryngoscopy 
Baseline Induction and intubation L + 5 min L + 10 min 

Mean blood pressure (mm Hg) 

Group 1 106 + 23 93 + 15 124 + 18% 99 + 13 90 +7 

Group 2 105 + 18 96 + 23 108 + 29° 103 2°25 90 + 19 

Group 3 93 + 18 75 + 14" 90 + 21’ 822-25" 82 + 20 
Heart rate (beats/min) 

Group 1 fe Vi 79 + 1% 81 + 15° 77 + 17 70 £ 16 

Group 2 R F 74 + 17 74 + 20 74417 68 + 15 

Group 3 67 + 12 74 + 15° 76 + 14° 71 + 15? 70 + 15 
PCWP (mm Hg) 

Group 1 1145 10:3 17> 6 8+3 8£5 

Group 2 8 + 6 7+6 10 E7 8+6 6 = 3" 

Group 3 7+4 7+ 4 8+ 4 8+ 6 TED 
Cardiac index (L-min~'«m~?) 

Group 1 3.7 1.0 33 E17 3.4 + LF 38-2 1.5? 3.4 + 0.74 

Group 2 3.5- 0:7 Dok 22 0:6" 3.1 + 0.6 3.3 + 0.6 3.1 OF 

Group 3 3.2 + 0.8 3.1 + 0.6 3.1 + 06 3.3 + 0.9 32 £07 
Stroke index (L-«min~!«m~?) 

Group 1 53 + 11 42 + 10 42+ 9 49 + 12" 47 + 10° 

Group 2 50 + 10 44 + 10° 43 + 9 46 + 9 46 + 8 

Group 3 49 + 13 43 + 107 42 + 8 48 + ll 47 + 10 
Systemic arterial resistance 

(mmHgL- min` $m?) 

Group 1 27 + 11 29 + 14 37 + 147+ 28°19 28 + 13 

Group 2 29:7 30 £B 34 + oP 31 + 8 29 + 7 

Group 3 3129 24 + 6° 28 + 7” 24 + 4° 2S oF 


All values are mean + sD. 
‘Significant intragroup difference from baseline, P < 0.05. 
'Significant intragroup difference from induction, P < 0.05. 


Table 4. Hemodynamic Response to Infusion of Nitroglycerin and Saline in Group 3 


Mean blood pressure Heart rate PCWP 


(mm Hg) (b/min) (mm Hg) 
Baseline 93 + 18 67 + 12 744 
After 88 + 20 70 + 13 7+ 4 
Nitroglycerin 
and saline" 


All values are mean + sD. 

Abbreviation: PCWP, pulmonary capillary wedge pressure. 
“Nitroglycerin, 0.90 + 0.15 wgkg~ min}; saline, 1110 + 398 mi. 
eP < 0.05, when compared to baseline. 


increases in MBP, heart rate, and PCWP at the time 
of laryngoscopy in such patients (2). 

Because increases in systolic arterial pressure, heart 
rate, and PCWP are frequently involved in myocardial 
ischemia, we tested the effectiveness of an intrave- 
nous bolus of fentanyl, 8 wg/kg, administered 2 min 
prior to laryngoscopy in patients with coronary artery 
disease undergoing peripheral vascular surgery, most 
often carotid endarterectomy. Our results show that 
the small doses of fentanyl (3 wg/kg) used in our con- 
trol group failed to prevent deleterious hemodynamic 
responses associated with laryngoscopy and intuba- 
tion; dramatic increases in blood pressure, heart rate, 


Cardiac index Stroke index Systemic arterial resistance 


(Lmin tm (Lmin tm?) (mm Heg-L~*min~*+m~?) 
3.2 + 0.8 49 + 13 319 
3.5-4 0.7 52 + 11 25. 7 


and PCWP were associated with cardiac arrhythmia 
and ECG evidence of myocardial ischemia in four out 
of six patients. When the same anesthetic procedure 
was used in comparable patierits but with larger doses 
of fentanyl (8 ug/kg), as in the study of Martin et al. 
(2), hemodynamic responses to laryngoscopy and in- 
tubation were blunted, but the frequency of cardiac 
arrhythmias was not significantly reduced. Marked 
elevation in PCWP remained in 25% of the patients 
and ECG evidence of myocardial ischemia still oc- 
curred in 10% of the patients during laryngoscopy 
and intubation. Therefore, despite attenuation of the 
hypertensive response to laryngoscopy and intuba- 
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Figure 3. Individual variations in PCWP between the end of in- 
duction (IND.) and laryngoscopy (LAR.) in the three groups. As 
only 1 min separates these two points, these variations in PCWP 
may be assumed to represent the reactivity to laryngoscopy- 
induced stress. The first line below the figure represents mean 
values. “P < 0.05. The seconc line below the figure represents the 
number of patients with a sustained abnormal increase in PCWP 
in each group. ’P < 0.05 when compared to corresponding fre- 
quencies in both groups 1 and 2. Nitroglycerin enables a more 
reliable prevention of laryngoscopy-induced marked increase in 
PCWP than the low-dose fentanyl methods. 


tion, increasing the dose of fentanyl to 8 g/kg failed 
to significantly reduce ischemia during anesthetic in- 
duction and laryngoscopy with intubation in patients 
with coronary artery disease undergoing relatively short 
peripheral vascular operations. When nitroglycerin 
infusion was used in addition to the smallest doses 
of fentanyl, the objective was to prevent hypovolemia 
and tachycardia-induced hypotension, because a ma- 
jority of the patients we evaluated had normal base- 
line levels of PCWP and no ventricular failure. To 
fulfill this condition, anesthetic induction in group 3 
implies a significant increase in the amount of intra- 
venous solution infused (+677 ml) as compared to 
group 1. However, no pulmonary edema occurred 
during the anesthetic, surgical, or postoperative pe- 
riods in any of patients and, indeed, marked increases 
in PCWP were more frequent in group 2 than in group 
3 during laryngoscopy and intubation. Sustained ex- 
pansion of blood volume in group 3 was accompanied 
by no change in PCWP and no significant increase 
in heart rate after nitroglycerin infusion, 0.9 
ug-kg~ tmin” t, prior to anesthetic induction. A slight 
and insignificant decrease in blood pressure at this 
point was probably related to a decrease in SAR ob- 
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served with this dose of nitroglycerin. During anes- 
thetic induction, the increase in heart rate from the 
baseline was no more marked in group 3 than in group 
1. Comparison of groups 1 and 3 shows that the ad- 
dition of nitroglycerin to light narcotic analgesia in- 
hibits an abnormal increase in MBP and PCWP that 
otherwise occurs during laryngoscopy and intuba- 
tion, and also effectively prevents development of 
ECG evidences of myocardial ischemia. Nevertheless, 
the frequency of cardiac arrhythmias was not reduced 
by nitroglycerin, and there was no significant differ- 
ence in the incidence of myocardial ischemia in groups 
3 and 2. Evaluation of responses to painful stimulation 
by comparing cardiovascular data at the end of an- 
esthetic induction and after laryngoscopy and intu- 
bation indicates that fentanyl, 8 ng/kg, provides sta- 
bility in heart rate, and nitroglycerin provides stability 
of PCWP, but blood pressure significantly increased 
after laryngoscopy and intubation in the three groups. 
Thus none of these methods successfully prevent 
the hemodynamic consequences of laryngoscopy-in- 
duced painful stimulation. 

An abnormal increase in the A-C wave was ob- 
served during ST changes in one group 2 patient (Fig. 
2). This abnormality in the wedge pressure tracing is 
similar to that reported by Kaplan and Wells (12) as 
an early sign of myocardial ischemia during anes- 
thesia. It is thought to be induced by a change in left 
ventricular compliance during myocardial ischemia. 
such acute alteration in left ventricular compliance 
can induce discrepancies between end-diastolic left 
ventricular pressure and PCWP (13,14), because ab- 
normalities in V or A-C waves are not constant on 
PCWP tracing during left ventricular myocardial isch- 
emia. Thus PCWP measurements could have under- 
estimated end diastolic left ventricular filling pressure 
in our study. Giles et al. (15), using radionuclide eval- 
uation of ejection fraction, demonstrated that the 
magnitude of left ventricular dysfunction during lar- 
yngoscopy and intubation may not be revealed by 
conventional hemodynamic monitoring. However, 
Borer et al. (16) showed that nitroglycerin reduced 
exercise-induced regional wall abnormalities and in- 
creased ejection fraction attained during exercise; 
whether nitroglycerin may have a comparable bene- 
ficial effect during laryngoscopy and intubation in 
presently unknown. As ejection fraction was not eval- 
uated during laryngoscopy and intubation in our study, 
a conclusion could not be reached as to the prevention 
of left ventricular dysfunction during laryngoscopy 
and tracheal intubation. | 

In conclusion, our findings indicate that in patients 
with stable angina undergoing noncardiac surgery, 
prophylactic continuous infusion of nitroglycerin is a 
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reliable method for prevention of increases in blood 
pressure and PCWP and ST segment depression as- 
sociated with laryngoscopy and intubation. In addi- 
tion, it is confirmed that an intravenous bolus of 
“smaller” doses of fentanyl (8 ug/kg) can effectively 
blunt laryngoscopy-induced marked increase in blood 
pressure, as previously shown in vascular hyperten- 
sive patients. However, this method does not reliably 
prevent increases in PCWP and myocardial ischemia 
in patients with coronary artery disease. Finally, ad- 
dition of nitroglycerin by infusion at a rate of 0.9 
ugkg`'min™! to low-dose fentanyl anesthesia is an 
attractive method for induction and for decreasing the 
incidence of myocardial ischemia associated with lar- 
yngoscopy and intubation in patients with stable an- 
gina undergoing short-duration noncardiac surgery. 


The authors thank G. Debrabander for technical assistance and C. 
Bourassier for typing the manuscript. _ 
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Bupivacaine for Intercostal Nerve Blocks in Children: 


Blood Concentrations and Pharmacokinetics 


Peter Rothstein, MD, G. Richard Arthur, PhD, Hal S. Feldman, BSc, Gary S. Kopf, MD, and 


Benjamin G. Covino, PhD, MD 


ROTHSTEIN P, ARTHUR GR, FELDMAN HS, KOPF GS, 
COVINO BG. Bupivacaine for intercostal nerve blocks in 
children: blood concentrations and pharmacokinetics. 
Anesth Analg 1986;65:625-32. 


A pharmacokinetic evaluation of bupivacaine was carried 
out after intercostal nerve blocks performed on 28 occasions 
in 27 children varying in age from 3 months to 16 yr. 
Bupivacaine HCI, 0.5%, with epinephrine 1:200,000 was 
employed. Doses of 2 mg/kg, 3 mg/kg, and 4 mg/kg resulted 
in peak whole blood arterial bupivacaine (base) concentra- 
tions (mean + SD) of 0.77 + 0.25 wgiml, 1.37 + 0.23 
pg/ml, and 1.87 + 0.53 pg/ml, respectively. Calculated 
pharmacokinetic parameters (mean + SD) were the follow- 
ing: apparent volume of distrioution (VpB), 2.8 + 0.8 Likg; 
steady-state volume of distribution (V pss), 2.7 + 0.7 LIkg; 
elimination half-life (t,.B8), 147 + 80 min; and total body 
clearance (Cl), 16.0 + 7.4 ml-min~*-kg~", or 382 + 201 
mlmin™i\m?. Compared with data reported for adult pa- 


The use of regional anesthetic techniques in children 
has been limited compared with their use in adults. 
As a result of this lack of experience and the restric- 
tions on investigations in children, information re- 
garding the pharmacolcgy of local anesthetic agents 
in children is extremely scarce. Eyres et al. reported 
peak venous plasma concentrations of lidocaine in 
children after caudal, subcutaneous, and topical ap- 
plication to mucous membranes, and of bupivacaine 
after caudal and subcutaneous administration (1,2). 
Pharmacokinetic analysis of lidocaine after adminis- 
tration of large doses of the viscous formulation to 
two children have been reported (3). The pharma- 
cokinetics and metabolism of lidocaine and mepiva- 
caine administered subcutaneously to newborns have 
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tients, our data indicate that the volume of distribution is 
greater and clearance is more rapid in children than in 
adults. The absorption of local anesthetic from the intercostal 
space appears to be more rapid in children than adults. In 
an additional group of 11 children, the relationship of the 
bupivacaine blood:plasma concentration ratio (A) to hema- 
tocrit was investigated. Hematocrit in this group ranged 
from 30 to 59, and X varied from 0.47 to 0.82. There was 
a significant relationship between A and hematocrit defined 
by the equation X = —0.0079 Hct + 1.028 (r = 0.72, P 
< 0.05). Reporting bupivacaine concentration in terms of 
plasma concentration may introduce an artifact that ts de- 
pendent on the hematocrit, and we therefore suggest that 
whole blood concentration values be reported by investiga- 
tors in the future. 


Key Words: ANESTHETICS, LocAL—bupivacaine. 
ANESTHESJA—pediatric. ANESTHETIC TECH- 
NIQUES, REGIONAL—intercostal block. 


been investigated (4,5). However, the distribution and 
metabolism of local anesthetics in the newborn may 
not be indicative of the situation in older children due 
to immature hepatic and renal function in the former 
group (6). 

Bupivacaine is a long-acting local anesthetic agent 
that has been employed in adults for intercostal nerve 
blocks for anesthesia during surgery, and for anal- 
gesia after surgery. The current study was carried out 
to determine the relationship of the dose of bupiva- 
caine for intercostal nerve block to the observed blood 
concentration, and also to accumulate pharmacoki- 
netic data concerning local anesthetics in children. 


Methods 


Intercostal nerve blocks were performed on 28 occa- 
sions in 27 children after elective cardiovascular sur- 
gery performed through a thoracotomy incision. The 
population characteristics of the individual patients 
are shown in Table 1. All children received halothane 
as the primary anesthetic for their surgical procedure. 
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BUPIVACAINE INTERCOSTAL NERVE BLOCKS IN CHILDREN 


Figure 1. Arterial whole blood concentration 
of bupivacaine (g/ml) as a function of time at 
the three doses employed. Mean values and 
standard deviations are indicated. For clarity, 
points at 2 and 4 min have been omitted in the 


4 mg/kg group. 


[ug/ml] 


15 30 


After skin closure and before awakening and tracheal 
extubation, the nerves in five intercostal spaces were 
blocked with bupivacaine hydrochloride, 0.5%, with 
epinephrine, 1:200,000. Doses of 2 mg/kg, 3 mg/kg, 
or 4 mg/kg were injected. Epinephrine was added to 
the bupivacaine solutions immediately before per- 
formance of the block. In one case, nerve blocks were 
performed while the child was awake in the intensive 
care unit. Nerve blocks were performed during con- 
tinuous electrocardiographic and direct intraarterial 
blood pressure monitoring. Samples of arterial blood 
for measurement of bupivacaine concentrations were 
obtained from indwelling radial artery catheters im- 
mediately before performing the nerve blocks and 5, 
10, 15, 30, 60, 120, and 180 min after completion of 
the block in children who received 2 mg/kg and 3 
mg/kg of bupivacaine. In children who received 4 mg/kg 
of bupivacaine, additional samples were drawn at 1, 
2, 3, 4, 240, and 360 min. Each sample was 1.5 ml. 
Because of limitations on the volume of blood that 
could be safely obtained from the children, several 
patients did not have samples obtained at each time 
interval. Central venous and peripheral arterial sam- 
ples were simultaneously obtained from four children 
who received 3 mg/kg and from five children who 
received 4 mg/kg to evaluate uptake of bupivacaine 
by the lung. Four children who had indwelling uri- 
nary catheters had all urine collected for 24 hr after 
completion of the nerve blocks. Urine was analyzed 
for unmetabolized bupivacaine. 

Heparinized blood samples and urine specimens 
were frozen at —20°C until analyzed. Bupivacaine 
(base) concentration in whole blood was assayed by 
a gas chromatographic technique similar to that re- 
ported by Tucker (7). The coefficient of variation of 
this technique in our laboratory was +5% at a con- 
centration of 0.5 ug/ml. 
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Arterial whole blood bupivacaine concentration data 
were subjected to pharmacokinetic analysis using 
model-independent techniques. Model-independent 
analysis was based on the methods described by Tucker 
(8). Area under the drug concentration curve (AUC) 
and area under the moment curve (AUMC) were de- 
termined using the trapezoidal rule with extrapolation 
to infinity. Other measured pharmacokinetic vari- 
ables included: total body clearance (Cl) = dose/AUC; 
half life of elimination (t,,8) = 0.693/8, where B is the 
slope of the elimination phase determined by linear 
regression analysis of the bupivacaine concentration 
data versus time occurring post absorption/dis- 
tribution of drug; steady-state volume of distribution 
(Vpss) = dose AUMC/AUC?; apparent volume of dis- 
tribution based on the elimination phase (Vp8) = 
dose/AUC.B; mean body residence time (MBRT) = 
AUMC/AUC indicating the average time drug mole- 
cules remain in the body. 

To determine the effect of hematocrit on the whole 
blood: plasma concentration ratio, A, blood was ob- 
tained after induction of anesthesia in a separate group 
of 11 children undergoing cardiac surgery. Hemato- 
crits in this group ranged from 30 to 59. Samples were 
heparinized, a known amount of bupivacaine added, 
and samples incubated for 20 min at 37°C. After an 
aliquot was obtained for determination of whole blood 
bupivacaine concentration, the sample was centri- 
fuged, plasma removed, plasma bupivacaine concen- 
tration determined and A calculated for each sample. 

All data are reported as mean + SD. The relation- 
ship of dose to time of peak concentration was ex- 
amined by x? analysis with Yates’s correction applied. 
Comparison of pharmacokinetic variables at different 
doses was performed by analysis of variance. The 
relationship of pharmacokinetic variables to weight 
and surface area and the effect of hematocrit on A was 
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Table 2. Peak Arterial Whole Blood Bupivacaine Concentration and Frequency of Occurrence at Given Sampling Times 


Bupivacaine dose Mean peak concentration + SD 


(mg/kg) (ug/ml) 
2 0.77 + 0.25 
3 1.37 + 0.23 
4 1.87 + 0.53 


determined by linear regression analysis. Values of 
P < 0.05 were considered significant. These studies 
were approved by the Yale University School of Med- 
icine Human Investigation Committee, and parental 
consent was obtained. 


Results 


Arterial whole blood concentrations (ug/ml) of bu- 
pivacaine after the intercostal administration of 2—4 
mg/kg of this agent are depicted in Figure 1. Peak 
blood concentrations occurred 5-15 min after per- 
formance of the intercostal block (Table 2). The mean 
peak concentration of bupivacaine for the three groups 
varied from 0.77 + 0.25 ug/ml in patients receiving 
2 mg/kg of bupivacaine to 1.37 + 0.23 ug/ml in pa- 
tients receiving 3 mg/kg, and 1.87 + 0.53 ug/ml in 
the children receiving 4 mg/kg of anesthetic agent. 
The dose of bupivacaine administered affected the 
rapidity with which the peak concentration was ob- 
tained. Compared with children receiving 2 and 3 
mg/kg, there was a significant difference (P < 0.05) 
between the number of children whose peak concen- 
tration occurred at or before 5 min and those whose 
peak occurred after 5 min when the dose employed 
was 4 mg/kg. 

Adequate data points were available for 20 children 
for the calculation of various pharmacokinetic param- 
eters (Table 1). Because of the large patient weight 
range, data have been presented on a per-kilogram 
basis where appropriate. In all cases, 100% absorption 
of drug was assumed. The elimination half-life was 
147 + 80 min. The apparent volume of distribution 
was 2.8 + 0.8 L/kg, with a very similar steady-state 
volume of distribution of 2.7 + 0.7 L/kg. The clearance 
of bupivacaine was 16.0 + 7.4 mlmin~*kg™? or 
382 + 201 ml-min~44m~?. Mean body residence time 
(MBRT) was 202 + 111 min. Clearance was not related 
to either patient weight or surface area. 

Differences between peripheral arterial and central 
venous concentrations of bupivacaine determined in 
nine children are shown in Figures 2 and 3. Children 
receiving 3 mg/kg (Fig. 2) consistently had higher con- 
centrations of bupivacaine in peripheral arterial blood 
than in central venous blood soon after completion 


<5 min 


Frequency of occurrence 


5 min 10 min 15 min 30 min 
1 5 1 
1 2 1 1 
1 9 4 2 


of the nerve block, implying initial uptake and then 
release of drug by the lung. Somewhat different find- 
ings were observed in children given 4 mg/kg (Fig. 
3). Two children had higher peripheral arterial con- 
centrations, though the difference between arterial 
and central venous levels was less than in children 
given 3 mg/kg. One child demonstrated no difference. 
Two children demonstrated central venous bupiva- 
caine concentrations that were greater than peripheral 
arterial concentrations, possibly implying continued 
uptake of drug by the lung in these children. 

The effect of hematocrit on A is shown in Table 3. 
The relationship of A to hematocrit is defined by the 
regression equation A = —0.0079 Hct + 1.028. The 
correlation coefficient for the data is 0.72 and is sta- 
tistically significant (P < 0.05). 

During the first 24 hr after intercostal nerve block- 
ade, 0.69% (range 0.35—1.13%) of the injected dose of 
bupivacaine was recovered in the urine as unchanged 
drug. 


Discussion 


The vascular absorption of local anesthetic agents from 
the site of injection occurs more rapidly after inter- 
costal nerve blockade than it does with the other re- 
gional anesthetic techniques (9). Willdeck-Lund and 
Edström, for example, studied the absorption of bu- 
pivacaine, 0.5%, with epinephrine 1:200,000 after in- 
tercostal block in adults (10). Nerve blocks were per- 
formed at the conclusion of thoracotomy, with the 
chest open. Two milliliters of drug was injected into 
each of seven intercostal spaces (total dose = 70 mg) 
“as close to the spinal column as possible.” Patients 
received halothane as their primary anesthetic. Ar- 
terial whole blood concentrations of bupivacaine 
peaked at 10 min after nerve block, and the mean 
peak concentration was approximately 0.4 ug/ml whole 
blood. Moore et al. reported peripheral arterial and 
venous plasma concentrations of bupivacaine after 
bilateral intercostal nerve block using bupivacaine 0.5% 
with epinephrine 1:320,000 (total dose = 400 mg) 
(11). The blocks were performed while the patients 
received intravenous methohexital, 100-150 mg. Peak 
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arterial concentrations occurred 10-20 min after nerve 
block. 

In the present study, vascular uptake of bupiva- 
caine was also rapid. The rate of absorption, as re- 
flected by the time at which the peak arterial concen- 
tration of bupivacaine occurred, was somewhat more 
rapid than that previously reported in adults (10,11). 
The more rapid absorption of bupivacaine observed 
in our patients may be due, in part, to the fact that 
cardiac output per kilogram body weight is greater in 
children than in adults, which might result in an en- 
hanced vascular perfusion in areas such as the inter- 
costal space (12). The rate of absorption may also be 
related to the volume of anesthetic solution injected 
relative to the size of the intercostal space. In adults, 
2-4 ml of anesthetic solution are usually employed 
for individual intercostal nerve blocks. In the present 
study, in children in whom 4 mg/kg of bupivacaine 
were used, volumes of 0.16 ml/kg were injected into 
each intercostal space. The range of volumes em- 
ployed was 0.8-5.2 ml/interspace. Thus the local an- 
esthetic solution may have been exposed to a rela- 
tively greater vascular surface area in our children 
than in studies in adults, which would enhance the 
rate of absorption in children. The impossibility of 
obtaining pharmacokinetic data for bupivacaine after 
intravenous infusion to a similar population of pa- 
tients negates the possibility of determining the mean 
absorption time (MAT) of drug. (MAT = MBRT (ab- 
sorption site) — MBRT (intravenous) — tqag, where 
taag) is the time from injection to the start of drug 
absorption). 

Children with coarctation of the aorta or lesions 
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with right-to-left intracardiac shunts have enlarged 
intercostal arteries, whereas children with a patent 
ductus arteriosus have normal-sized intercostal arter- 
ies. The time of occurrence of peak arterial concen- 
tration of bupivacaine was similar in six children with 
a patent ductus arteriosus and in eight children with 
coarctation of the aorta, who had received 4 mg/kg. 
In the groups who received 2 and 3 mg/kg of bupiv- 


_acaine, no tendency was observed for the children 


with coarctation or cyanosis to have earlier peak drug 
concentrations as compared with children with a pat- 
ent ductus. Thus vessel size does not appear to have 
been a major ‘factor in determining uptake of drug 
from the intercostal space. 

In our study, we chose to report bupivacaine con- 
centration in terms of ug/ml whole blood for two rea- 
sons. First, Tucker and Mather, in discussing the de- 
termination of pharmacokinetic variables of local 
anesthetics, stressed that peripheral tissues are ex- 
posed to the concentration of drug contained in whole 
blood, not just plasma (13). Second, we demonstrated 
that hematocrit affects A. Thus, in two samples of 
whole blood with the same quantity of bupivacaine 
added, the plasma concentrations in the two samples 
vary with the hematocrit. In our pharmacokinetic study, 
the hematocrits ranged from 31-55 and use of plasma 
concentrations would have made comparisons of peak 
concentrations between children difficult to evaluate. 

We found that A varied between 0.47 and 0.82 in 
the children studied, which contrasts with the value 
for A of 0.73 + 0.05 that has been reported in adults 
(14). (Hematocrits of the adult subjects were not stated). 
If a plasma concentration is calculated from our mea- 
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sured values for whole blood concentration and A 
determined by our regression equation, then a num- 
ber of children who received 4 mg/kg may have had 
plasma concentrations that approached or exceeded 
the hypothesized toxic plasma concentration of 4 ug/ml 
for this agent (15). The highest whole blood concen- 
tration of bupivacaine observed in any child was 3.2 
ug/ml. No cardiovascular or central nervous system 
toxicity was observed in this study. There may be 
several explanations for the lack of observed toxicity 
in our patients. First, the plasma concentration of 4 
ug/ml as the toxic threshold for convulsions is based 
on speculation. In fact, there are data to suggest that 
this putative toxic concentration is too low (16). Sec- 
ond, our patients were anesthetized at the time of 
nerve block. However, muscle activity was possible, 
and seizure activity would have been visible had it 
occurred. It has been shown that central nervous sys- 
tem depressants such as diazepam, nitrous oxide, and 
barbiturates increase the toxic threshold of local an- 
esthetics (17-19). All children had continuous heart 
rate and blood pressure monitoring during the study, 
and there was no evidence of cardiovascular toxicity. 
It should be noted that in previous studies of absorp- 
tion of bupivacaine from the intercostal space, pa- 
tients were anesthetized with either halothane or 
methohexital. Finally, but less likely, children may be 
less sensitive to the toxic effects of bupivacaine than 
adults. It has been demonstrated, however, that there 
are no significant differences in sensitivity to the toxic 
effects of local anesthetics betwen fetal, newborn, and 
adult sheep, and this may also be true in humans 
(20). Liu et al. failed to demonstrate any difference in 
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Figure 3. Differences in arterial-venous con- 
centrations of bupivacaine plotted as in Figure 
2 after injection of 4 mg/kg. Two children had 
concentrations greater in central venous blood 
than in arterial blood, possibly indicating pro- 
longed uptake of bupivacaine by the lung. 


30 


the median convulsant dose, CDso of lidocaine, chlo- 
roprocaine, bupivacaine, and etidocaine in immature 
and mature mice (21). 

A comparison of the pharmacokinetic parameters 
of the bupivacaine in children, determined in this 
study, and values reported in adults (13) show two 
differences (Table 4). The volume of distribution at 
steady-state, Vpss, and clearance of bupivacaine are 
greater in children than in adults. A larger extracel- 
lular fluid space as well as a higher proportion of well 
perfused tissue and lower amounts of body fat in 
children could be related to the greater volume of 
distribution in children compared to adults. Of the 
amide-type local anesthetics, bupivacaine has the 
lowest hepatic extraction value (0.31) (13), implying 
that bupivacaine clearance values are less likely to be 
affected by changes in hepatic blood flow. However, 
the high clearance values determined in this study 
may be partially due to a greater hepatic blood flow 
per kg in children than in adults. The elimination half- 
life of bupivacaine in both children and adults was 
similar (147 and 156 min). 

Our calculations assumed 100% absorption of drug. 
Incomplete absorption would tend to overestimate 
the Vpss and clearance values we obtained. Our val- 
ues for these parameters are 2.7 and 2.4 times, re- 
spectively, the values reported in adults. We doubt 
that these differences are solely on the basis of drug 
absorption since one would then have to postulate 
that only approximately “%—' of the injected drug was 
absorbed from a site that has a very rapid absorption 
of the agent. 

In four patients (numbers 1, 2, 10, and 20) the t8 
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Table 3. Effect of Hematocrit on Whole Blood/Plasma 
Concentration Ratio (A) 


Bupivacaine base ug/ml 


Patient Hematocrit Whole blood Plasma A 
1 32 ALa 27) 0.79 
2 35 2.07 2.67 0.78 
3 30 1.86 2.28 0.82 
4 39 1.23 1.85 0.66 
5 33 1.47 1.80 0.82 
6 34 1.71 2.52 0.68 
7 50 1.84 2.95 0.62 
8 59 1.76 2.88 0.61 
9 50 1.23 2.62 0.47 

10 49 1.88 2.45 0.77 
11 53 1.74 2.84 0.61 


was greater than the sampling period. Ideally, in a 
pharmacokinetic study one would want the sampling 
time to be at least twice the t8. In our studies, we 
were limited in the amount of blood that we could 
obtain and therefore initially limited our sampling pe- 
riod to 180 min. When we analyzed samples from the 
initial studies and found that t,,8 values approached 
our longest sampling time, we were able to extend 
our sampling time to 350 min. The t,,6 for patients 
with the sampling time period of 180 min is not sig- 
nificantly different from the value for patients with a 
sampling period of 360 min. 

The uptake of local anesthetics by the lung is con- 
siderable, but transient (22). Uptake of local anes- 
thetics can be demonstrated by the comparison of 
their concentration in simultaneously obtained pe- 
ripheral arterial and mixed venous blood samples. 
During pulmonary uptake, the peripheral arterial 
concentration will be less than the central venous con- 
centration. If the lung takes up drug and then releases 
it back into the circulation, during the time that drug 
is being released the peripheral arterial concentration 
will be greater than the central venous concentration. 
Uptake of local anesthetic by the lung has been ob- 
served clinically after intravenous regional anesthesia 
and intercostal nerve blockade as well as in laboratory 
experimental studies (11,23). Similar observations were 
made in the present pediatric population. Children 
given 3 mg/kg of bupivacaine had very rapid lung 
uptake and subsequent release of drug back into the 
blood, because the arterial concentration exceeded the 
central venous concentration of bupivacaine in our 
earliest samples, obtained at 5 min. The findings in 
the children receiving 4 mg/kg were unexpected and 
require explanation. Two children demonstrated ar- 
terial concentrations greater than the venous concen- 
tration, implying release of drug from the lung. This 
was qualitatively similar to the findings in the 3 mg/kg 
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Table 4. Pharmacokinetics of Bupivacaine in Children 
and a Comparison with Data Obtained after Intravenous 
Infusion in Adults (13) 


Parameter Children Adults 
ti2 B (min) 147 + 80 156 + 66 
Vog (L/kg) 2.8 + 0.8 
Voss (L/kg) Zt 7 1.0 
Cl (mi-min~ kg ~*) 16.0 + 7.4 6.77 
MBRT (min) 202 + 111 126° 
AUC (zg-ml~?-min ~?) 235 + 169 
AUMC (u2-ml-min~?) 57097 + 70343 
Dose (mg base) 58.6 + 38.2 66.6 
Weight (kg) 21.0 + 15.0 (70) 


Abbreviations; t28, elimination half-life; Vp8, apparent volume of dis- 
tribution; Vpss, steady-state volume of distribution; Cl, total body clearance; 
MBRT, mean body residence time; AUC, area under the drug concentration 
curve; AUMC, area under the moment curve. 

“Calculated from reference 13 assuming patient weight was 70 kg. 

Reference 8. 


group, though the differences were quantitatively less. 
One child had no difference between specimens im- 
plying no net transfer of drug, i.e., uptake and release 
were equal. Two children had venous concentrations 
that were greater than arterial concentrations, imply- 
ing continued uptake of drug by the lung. Our venous 
samples were obtained from the superior vena cava 
or right atrium, and would tend to overestimate the 
amount of bupivacaine in the mixed venous blood, 
because mixed venous samples also contain a contri- 
bution from the inferior vena cava, which has a lower 
concentration of bupivacaine because of hepatic clear- 
ance of the drug. However, with the exception of 
samples obtained across the lung, venous specimens 
have never been demonstrated to contain more local . 
anesthetic than arterial specimens, and thus a sam- 
pling artifact in our study could not account for the 
finding of prolonged lung uptake of bupivacaine. This 
overestimation of venous bupivacaine content could 
explain the lack of uptake seen in one patient. One 
explanation for the finding of possible prolonged up- 
take of drug by the lung in two patients was that the 
lung’s capacity for local anesthetic was markedly in- 
creased due to unknown factors. Another explanation 
is also speculative. Four of the five children who re- 
ceived 4 mg/kg had been treated with intravenous 
propranolol (0.1-0.2 mg) for the control of hyperten- 
sion 1~2 hr prior to performance of the nerve blocks. 
The 4 mg/kg group had a higher percentage of chil- 
dren with coarctation than the 3 mg/kg group, which 
accounts for the use of propranolol only in one group. 
Propranolol is taken up by the lung (24). Propranolol 
is also a potent inhibitor of the pulmonary uptake of 
bupivacaine (25). If pulmonary binding sites are oc- 
cupied by propranolol, the degree of initial lung up- 
take of local anesthetic may be decreased. The local 
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anesthetic may then gradually displace propranolol. 
Thus, rather than a large rapid uptake of local anes- 
thetic by the lung, followed by its release from lung 
tissue, a slow, prolonged uptake of small amounts of 
local anesthetics may occur in the presence of 
propranolol. 

Our investigation indicates differences in the up- 
take and disposition of local anesthetic in children and 
adults. The absorption of local anesthetic from the 
intercostal space appears to be more rapid, clearance 
of bupivacaine is more rapid, and volume of distri- 
bution is greater in children than in adults. 

The results of this study indicate that bupivacaine 
in doses of 2-4 mg/kg could be employed for inter- 
costal nerve blockade in children under general anes- 
thesia without demonstrable side effects. Because drug 
uptake from the intercostal space appeared to be dose- 
dependent, and occasional blood concentrations of 
drug of greater than 3.0 ug/ml were found when a 
dose of 4 mg/kg was employed, a greater margin of 
safety with the drug could be obtained if a dose of 
no larger than 3 mg/kg is used. 


We thank Jack Barkus and Colette Lavoie for the determination of 
bupivacaine concentrations. We are indebted to Paul Hickey, MD, 
Department of Anesthesiology, Children’s Hospital Medical Cen- 
ter, Boston, MA, who obtained blood samples for the determination 
of blood: plasma concentration ratios. 
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To better understand the mechanism of hypotension and 
bradycardia that may occur in newborn infants during iso- 
flurane anesthesia, we studied the hemodynamic changes in 
the major determinants of cardiac output in 15 newborn 
piglets given 0.5, 1.0, and 1.3 minimal alveolar concen- 
trations (MAC) of isoflurane and in nine sham-instru- 
mented, age-matched contro! animals. Cardiac output did 
not differ from the baseline reading or the control group at 
any isoflurane dose. Mean aortic pressure (MAP) decreased 
23-45% in a dose-related manner. Total peripheral resist- 
ance index (TPRI) decreased 29% at 0.5 MAC, but did not 
decline further at higher concentrations. Because the de- 
crease in MAP was offset by a similar reduction in TPRI, 
cardiac output did not change. Heart rate decreased signif- 
icantly at 1.3 MAC (—19%). Contractility was depressed 
at all concentrations: left ventricular dP/dT decreased pro- 


During induction of anesthesia in infants, isoflurane 
causes moderately severe bradycardia and hypoten- 
sion, which cannot be completely ameliorated by atro- 
pine (1). To better understand the mechanism of these 
adverse effects, we studied the dose-response rela- 
tionship of isoflurane to cardiac output and its prin- 
cipal determinants—preload, afterload, heart rate, and 


contractility—in healthy newborn piglets. We also . 


compared the magnitude of hemodynamic effects 
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gressively at 0.5 and 1.0 MAC, and echocardiographic 
shortening fraction decreased significantly at 1.0 MAC. Left 
ventricular end-diastolic pressure was not affected. Eight of 
twelve animals who had bradycardia while breathing tso- 
flurane were atrially paced at their baseline heart rate. Be- 
cause pacing did not restore MAP, TPRI, and LV 
dPldT/DP40 (a contractile index independent of preload and 
afterload) to control values, bradycardia was not primarily 
responsible for depression of these variables. At equipotent 
concentrations, isoflurane reduced MAP and TPRI more 
than, and cardiac output less than, halothane did in previous 
studies in this laboratory. Heart rate and dP/dT were de- 
creased to a similar extent by both agents. Blood, heart, and 
brainstem isoflurane LD:MAC ratios were 2.04, 2.00, and 
2.84, respectively, indicating a relatively low margin of 
safety for isoflurane in young piglets. 


Key Words: ANESTHETICS, vo.Latite—isoflurane. 
HEART—myocardial function. ANESTHESIA— 
pediatric. 


caused by isoflurane with the magnitude of the effects 
of an equipotent dose of halothane in other newborn 
piglets, as reported in an earlier study in this labo- 
ratory (2). In addition, we determined the margin of 
safety of isoflurane in newborn piglets. 


Methods 


Animal Preparation 


Twenty-four healthy farm piglets, age 2-17 (mean 9) 
days, weighing 1.28-4.17 (mean 2.28) kg, were stud- 
ied using a protocol approved by our institutional 
review board. These animals were divided into an 
isoflurane and a control group: hemodynamic studies 
were conducted on 15 animals who received isoflur- 
ane, while nine contro] animals were age-matched 
and sham-instrumented but received no isoflurane. 
The hemodynamic variables of each contro] animal 
were recorded at the same time intervals as those of 
its matched isoflurane animal. All animals were tra- 
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cheally intubated and vascular catheters were inserted 
under local analgesia. The animals were maintained 
as described in a previous study (2). Controlled me- 
chanical ventilation was used to maintain eucapnea 
during the experiment, and was facilitated with met- 
ocurine during instrumentation. Ventilation was de- 
livered through a modified circle circuit that permitted 
accurate measurement of end-tidal gas concentrations 
by mass spectrometry (3). Oxygen was the carrier gas. 
Intravenous 5% dextrose in 0.2N saline was provided 
at 4 mlkg~’-hr~’, including bolus thermodilution 
injections. 


MAC and Hemodynamic Studies 


In a pilot study of five sibling newborn piglets not 
used for the hemodynamic studies, the minimal al- 
veolar concentration (MAC) requirements generally 
increased with age when isoflurane was administered 
once or twice weekly during the first 3 weeks of life 
(Fig. 1). Because of the intrasubject variability and 
increased MAC at older ages, we could not assume 
that MAC was constant for all animals studied. In- 
stead, we determined isoflurane MAC for each animal 
prior to beginning the hemodynamic study, waiting 
at least 1 hr after instrumentation had been completed 
to allow most neuromuscular function to return. For 
the evaluation of MAC, isoflurane was initially ad- 
ministered in 0.5% end-tidal increments. After 15 min 
at each concentration, the tail and a toe were clamped 
for 30 sec and the animal observed for limb move- 
ment. If no movement occurred, the end-tidal con- 
centration was reduced in 0.1% decrements until a 
positive response was elicited. Mean alveolar concen- 
tration, the effective anesthetic concentration, was 
defined here as the concentration midway between 
the lowest end-tidal concentration at which the ani- 
mal had a negative motor response and the highest 
end-tidal concentration at which it had a positive re- 
sponse (4). 

During the hemodynamic studies, heart rate, car- 
diac output, mean aortic pressure (MAP), left ven- 
tricular end-diastolic pressure (LVEDP), LV peak dP/dT, 
LV echocardiographic shortening fraction (SF), total 
peripheral resistance index (TPRI), and stroke volume 
index (SVI) were all measured or calculated as de- 
scribed in an earlier study (2). LV dP/dT/DP40, the 
. dP/dT point measurement 40 mm Hg above LVEDP, 
was measured at baseline and at each dose of iso- 
flurane. Left ventricular dP/dT/DP40 was also mea- 
sured before and during right atrial pacing at the base- 
line heart rate in an effort to isolate changes in 
contractility from changes in heart rate, preload, and 
afterload. 
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Figure 1. MAC vs age for five sibling newborn piglets. Each line 
represents one animal studied repeatedly during the first 3 weeks 
of life. 


Baseline hemodynamic variables were recorded be- 
fore any isoflurane was administered. A data set was 
then recorded sequentially at 1.3, 1.0, and 0.5 MAC. 
Each concentration was maintained for 15 min before 
hemodynamic measurements were made. If the heart 
rate decreased more than 10% from its baseline value 
at any concentration, another hemodynamic profile 
was recorded after 5 min of atrial pacing at the base- 
line heart rate. 

Isoflurane hemodynamic values are expressed as 
mean + sD. Data were subjected to one-way analysis 
of variance and Student-Newman-Kuels multiple 
range test to determine the statistical significance of 
differences in the mean values of each variable at all 
isoflurane concentrations. These tests were also used 
to compare isoflurane data with the corresponding 
control group values (5). The significance level for the 
experiment (a) was 0.05. 

The hemodynamic effects of isoflurane at 1.3 MAC 
were compared with those seen with 1.0% end-tidal 
halothane (1.3 MAC) in another group of 11 piglets 
we previously studied (2). Unpaired Student’s t-test 
was used to describe differences in baseline values 
between the two anesthetic groups. To adjust for any 
such baseline differences, the baseline reading for each 
variable was subtracted from its value at 1.3 MAC to 
express isoflurane data as a percent change from base- 
line. Unpaired t-tests were then used to analyze these 
percent changes; significance was assumed if P < 0.05. 


Margin of Safety Study 
In 12 other newborn piglets 1-13 days old, we ob- 


tained arterial blood, atrial, and/or brainstem samples 
at MAC and/or the lethal isoflurane concentration. 


HEMODYNAMICS OF ISOFLURANE 


Table 1. Hemodynamic Efrects of Isoflurane 
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Baseline 0.5 MAC 1 MAC 1.3 MAC 
Cardiac output 0.263 + 0.039%" 0.293 + 0.051" (+11%) 0.251 + 0.039%° {— 5%) 0.225 + 0.042" (~14%) 
(L-min ~ '-kg ~*) 
MAP (mm Hg) 120° 23" 92 + 20°* (-—23%) 76 + 16°* (—37%) 66 + 15¢* (—45%) 
Heart rate (beats/min) 194 + 43° 187 + 41° (—4%) 164 + 22%! (= 15%) 157 + 24° (—19%) 
dP/dT (mm Hg/sec) 3547 + 843° 2360 + 577°* (—33%) 1827 + 328°* (—48%) 1573 + 433°* (— 56%) 
dP/dT/DP40 (mm He/sec) 2560 + 519° 2040 + 448** (—20%) 1733 + 327°" (=32%) 1480 + 319°* (—42%) 
Shortening fraction (%) 40 + 10°* 35 + 8’ (~13%) 32 + 9h (~20%) 28 + 7* (—30%) 
TPRI 444 + 137" 314 + 77°* (—29%) 303 + 79°* (—32%) 298 + 73°* (—33%) 
(mm Heg-L~!-min~*kg~') 
SVI (ml-beat-'-kg ~*) L94 05 1.7 + 0.4" (13%) 1.7 + 0.44 (13%) 1.6 + 0.3 (—7%) 
LVEDP (mm Hg) 4.0 + 3.4 2.9 + 2.8 4.7 + 1.7 4.5 + 1.87 


All values are mean + SD. 


Abbreviations: MAP, mean aortic pressure; TPRI, total peripheral resistance index; SVI, stroke volume index; LVEDP, left ventricular end-diastolic 


pressure. 


Asterisk denotes significant difference from the control group, which did not receive isoflurane (P < 0.05). Letters in common denote nonsignificant 
differences (P > 0.05). For example, the heart rates at Baseline, 0.5 MAC, and 1.0 MAC are not significantly different. Heart rate at 1.3 MAC is significantly 
different from baseline and 0.5 MAC but not significantly different from 1.0 MAC, denoted by the shared letter “c”. 1.3 MAC is the only concentration that 


caused a significant difference in Heart Rate from the control group. 


The lethal dose (LD) was defined as spontaneous, 
irrevocable, and termina! second- or third-degree heart 
block, because these were invariably followed shortly 
by ventricular standstill. If the median sternotomy or 
atrial biopsy at MAC caused death, samples of heart, 
brain, and blood could not be obtained at the “true” 
lethal concentration. 

Tissue samples were immediately crushed, added 
to a preweighed aliquot of 0.02% chloroform in carbon 
tetrachloride, homogenized, reweighed to determine 
the tissue wet weight, and centrifuged to remove cel- 
lular debris. A 1 yl aliquot of supernatant was injected 
into a gas-liquid chromatograph equipped with a 
6’ x ¥2" glass 5% SE-30 column and a flame-ionization 
detector. The injector, detector, and column were 
maintained at 120, 120, and 60°C, respectively. The 
retention times of isoflurane and chloroform (internal 
standard) were 0.54 and 0.90 min, respectively. Iso- 
flurane concentrations were determined in triplicate, 
as previously described, by comparing the isoflurane- 
to-chloroform ratio peak heights of the unknown con- 
centration with that of isoflurane standards of known 
concentrations (6). Method precision was 5% and the 
accuracy was 4%. These were determined using a 
known concentration of anesthetic agent added to a 
known weight of unanesthetized tissue. Precision and 
accuracy were the coefficients of variation of the ob- 
served mean and the known standard concentration, 
respectively. 


Results 


Isoflurane MAC for these piglets was 1.20 + 0.43% 
(range 0.69-1.94%). Table 1 shows the hemodynamic 
data for isoflurane and for control animals. With iso- 


flurane, cardiac output did not change significantly 
from baseline, nor was it statistically different at any 
MAC fraction from that of the control group. How- 
ever, MAP decreased significantly and substantially 
at all MAC fractions, changes not observed in the 
control group. Total peripheral resistance index de- 
creased 29% at 0.5 MAC, but did not change further 
at higher concentrations. Heart rate changed signifi- 
cantly only at 1.3 MAC (—19%). Contractility was 
depressed at all MAC fractions. Shortening fraction 
decreased 20% and 30% at 1.0 and 1.3 MAC, respec- 
tively. From 0.5 to 1.0 MAC, values for dP/dT and 
dP/dT/DP40 decreased progressively. SVI and LVEDP 
did not change significantly during the study. 

Twelve of 15 animals had bradycardia (heart rate 
change = 10% of baseline) while breathing isoflurane; 
eight were paced. dP/dT/DP40 was measured to eval- 
uate contractility, because it is relatively independent 
of changes in preload and afterload at fixed heart rates 
(7). One MAC isoflurane profoundly reduced 
dP/dT/DP40 before and after atrial pacing to a statis- 
tically similar extent (Table 2). No variable except heart 
rate recovered during pacing. 

Table 3 shows the baseline values of the isoflurane 
and halothane groups. Figure 2 compares their hemo- 
dynamic response to these drugs administered at an 
equipotent dose, 1.3 MAC. No other equipotent dose 
data were available for comparison. Both agents de- 
pressed dP/dT and heart rate to a similar extent (P > 
0.05). Cardiac output was significantly more de- 
pressed by halothane, but MAP and TPRI were more 
depressed by isoflurane. 

Blood, atrial, and brainstem concentrations at MAC 
and the LD for 12 other piglets are shown in Table 4. 
Grouping all animals together, the ratios of mean LD- 
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Table 2. Hemodynamic Effects of Isoflurane before and after Pacing 
0.5 MAC 1.0 MAC 1.3 MAC 
0 MAC Unpaced Paced Unpaced Paced Unpaced Paced 

Cardiac output 0.244 + 0.34 0.290 + 0.05 0.293 + 0.06 0.258 + 0.04 0.276 + 0.04 0.214 + 0.04 0.241 + 0.05 

(Lemin tkg!) 
MAP (mm Hg) 131 + 15 95 + 21 97 + 19 75 + 13 76 + 14 63 + 6 66 + 10 
Heart rate (beats/min) 209 + 31 204 + 40 217 + 30 171 + 17 202 + 32° 155 + 20 202 + 32° 
dP/dT (mm Hg/sec) 3800 + 741 2450 + 648 2475 + 623 1850 + 351 1925 + 501 1525 + 399 1625 + 471 
dP/dT/DP40 2750 + 499 2100 + 535 2125 + 534 1825 + 377 1825 + 433 1475 + 337 1600 + 440 

(mm He/sec) 
Shortening fraction (%) 42 + 10 40 + 6 40 + 6 36 + 5 34 + 6 32 + 6 30 +5 
TPRI (mm Hg 549 + 105 322 + 74 337 + 116 230 + 56 280 + 55 301 + 62 278 + 69 

L7?-min~ bke~') 
SVI (ml-beat™'-kg~") 1.2 + 0.2 1.5 + 0.2 1.42 1.7 +04 15 05 15-2 C2 1.3 + 0.2 
LVEDP (mm Hg) Doe 21 2.0. 2 3.7 pie = 44+ 1.8 3.8 + 1.4 4.0 + 1.9 3.8 + 2.0 

All values are mean + sp; n = 8. 


Abbreviations: MAP, mean aortic pressure; TPRI, total peripheral resistance index; SVI, stroke volume index; LVEDP, left ventricular end-diastolic 


pressure. 
ap < 0.05 vs unpaced value at same MAC fraction. 


Table 3. Baseline Values of Piglets Given Isoflurane 
or Halothane 


Isoflurane Halothane” 

(n = 15) (n = 11) 
Age (days) 9.3- $3.8 fo 2 4.2 
Weight (kg) 2.28 + 0.67 2.22 + 0.70 
Cardiac output (L-min™kg7') 0.26 + 0.04 0.27 +0,12 
MAP (mm Hg) 120 + 23 83 + 10" 
Heart rate (beats/min) 194 + 43 217 + 48 
dP/dT (mm He/sec) 3547 + 843 3600 + 890 
TPRI 444 + 137 349 + 148° 


All values are mean + SD. 

Abbreviations: MAP, mean aortic pressure; TPRI, total peripheral 
resistance index. 

“From Boudreaux et al. (2). 

eP < 0.05 vs isoflurane. 


to-mean MAC for blood, atrium, and brainstem were 
2.04, 2.00, and 2.84, respectively. The LD:MAC ratio 
of isoflurane blood concentrations for the seven ani- 
mals in whom blood samples were obtained at both 
doses was 2.0 + 0.4 (sp). The LD:MAC ratio of iso- 
flurane heart concentrations for the two animals in 
whom paired atrial specimens were obtained was 2.1 
+ 1.2. Brainstem tissue was not obtained from any 
animal at both MAC and LD. 


Discussion 


Isoflurane caused profound hemodynamic changes in 
healthy newborn piglets. Social development of the 
piglet during the age range studied probably corre- 
sponds to the first half-year of human life (2). How- 
ever, the hemodynamic responsiveness of the piglet 
during the first 2 ¥2 weeks of life is fairly consistent 
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Figure 2. Hemodynamic changes from baseline in piglets given 1.3 
MAC isoflurane vs 1.3 MAC halothane. *P < 0.05. MAP, mean 
aortic pressure; HR, heart rate; CO, cardiac output; dP/dT, first 
derivative of LV pressure with respect to time; TPRI, total periph- 
eral resistance index. 


and corresponds to the human newborn. The large 
reduction in peripheral resistance and blood pressure 
with preservation of cardiac output seen here was also 
observed in healthy adult humans (8). A key differ- 
ence between adults and children is the heart rate 
response to isoflurane. Healthy adults have mild 
tachycardia, but infants and children (like our piglets) 
develop moderate-to-severe bradycardia. The imbal- 
ance between the well-developed parasympathetic 
nervous system and the immature sympathetic ner- 
vous system of the newborn may be responsible (9). 
Isoflurane blunts the baroreceptor heart rate re- 
sponse. Isoflurane depresses the heart rate response 
to sympathetic stimulation more than it depresses the. 


HEMODYNAMICS OF ISOFLURANE 


Table 4. Isoflurane Tissue Concentrations 


Lethal 
MAC Concentration 

Blood (mg/100 ml) 13.4 + 2.9 27.4 + 5.2 
(n = 12) (n = 7) 

Atrium (mg/100 g) 20.6 + 8.1 41.1 + 10.3 
(n = 5) (n = 7) 

Brainstem (mg/100 g) 22.9 = 13.8 65 252 
= 3) (n = 6) 


All values are mean + SD. 


response to vagal efferent cardiac nerve stimulation 
(10). This accentuates the parasympathetic- 
sympathetic imbalance and promotes bradycardia. 
However, when atrial pacing was used to control 
the heart rate, the changes in MAP, TPRI, and 
dP/dT/DP40 persisted, suggesting that they were af- 
fected by other primary mechanisms. 

Isoflurane profoundly depressed myocardial con- 
tractility, as shown by the reduced dP/dT, a pre-ejec- 
tion phase index, and reduced shortening fraction, 
an ejection phase index. Left ventricular peak dP/dT 
may be reduced if heart rate, LVEDP, or aortic dia- 
stolic pressure is decreased (7). We therefore mea- 
sured LV dP/dT/DP40, since this pre-ejection phase 
derivative is independent of the reduction in aortic 
diastolic pressure that occurred during isoflurane 


anesthesia in these animals. Any potential effects 


caused by a change in heart rate were obviated by 
fixed atrial pacing. Under these conditions, dP/dT/ 
DP40 decreased with isoflurane and was not im- 
proved by pacing. 

Because MAP and TFRI decreased to a similar ex- 
tent at 0.5 and 1.0 MAC, their quotient, cardiac out- 
put, changed very little. At 1.3 MAC, the profound 
reduction in MAP was only partly offset by the smaller 
reduction in TPRI. Although cardiac output therefore 
decreased, its change was not significant. At all con- 
centrations, estimated preload (LVEDP) changes were 
not significant. 

The LD:MAC ratio measured by others in adult rat 
heart and brain was 2.5-3.5 times higher than in these 
piglets (11). This presumably represents a difference 
between species and/or age. 

Several differences between the isoflurane and 
halothane groups warrant discussion. The mean base- 
line values of MAP and TPRI were significantly dif- 
ferent between the halothane and isoflurane groups. 
The former group tended to be younger, although not 
significantly so. In a previous study, we reported the 
relationship between each baseline variable and ani- 
mal age using this animal model (2). In that study, 
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MAP (only) was significantly correlated with age 
(r = 0.7, P < 0.05). This might explain the difference 
between the isoflurane and halothane groups in base- 
line MAP and its dependent variable, TPRI. To re- 
move such bias, each animal served as its own control, 
and the change from baseline was calculated for each 
animal. 

Although both halothane and isoflurane reduced 
blood pressure considerably, the large reduction in 
peripheral resistance caused by isoflurane offset the 
hypotension and prevented a major decrease in car- 
diac output. Because cardiac output was stable, iso- 
flurane might be safer in infants than halothane. 
However, the major reduction in blood pressure caused 
by isoflurane cannot be ignored. Although regional 
blood flow can be adjusted by autoregulation during 
hypotension, the blood pressure limits of effective 
autoregulation are not well-defined for most regional 
vascular beds in the newborn infant. These profound 
reductions in MAP might exceed the bounds of au- 
toregulation, causing lower blood flow to vital organs. 
This hypothesis could be tested by determining re- 
gional blood flows at different isoflurane concentra- 
tions. If, despite hypotension, isoflurane does not re- 
duce regional organ perfusion of vital organs, it would 
have a clear advantage over halothane. The profound 
reduction in contractility caused by isoflurane appears 
to be well-tolerated in healthy newborn piglets, be- 
cause they maintained a normal cardiac output with- 
out metabolic acidemia for about 2 hr while breathing 
1.0-1.3 MAC isoflurane. 


We are grateful to Robert Hirsch. PhD, for his statistical advice, and 
to Frank Bresz for computer programming assistance. Perkin-El- 
mer, Inc. and Greg Harris kindly loaned us the mass spectrometer. 
Barbara W. Brandom, MD, helped us design the MAC study. 
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Physostigmine has been reporied to reverse the sedation and 
paradoxical delirium induced by benzodiazepines. Little is 
known about how these drugs may interact to produce changes 
in cerebral metabolism and cerebral blood flow (CBF). In 
the present experiments. the effect of physostigmine on cere- 
bral oxygen consumption (CMRO,) and CBF as well as the 
ability of physostigmine to reverse the effects of midazolam 
and 3-carbo-t-butoxy-B-carboline (B-CCT), a benzodiaze- 
pine antagonist, was tested in rats. Physostigmine by itself 
produced dose-dependent increases in blood pressure, CBF, 


Benzodiazepines, including diazepam and midazo- 
lam, are often used for sedation before anesthesia. 
Although relatively few side effects have been re- 
ported with benzodiazepines and phenothiazines, 
respiratory depression may be apparent and coma 
may even occur (1-3). In addition to sedation, ben- 
zodiazepines can also produce toxicity and delirium 
(4,5). The ability of benzodiazepines to produce either 
sedation or delirium may be due to an action at central 
benzodiazepine receptors. Behavioral depression and 
stimulation can be induced in animal models with 
benzodiazepines and their receptor antagonists, B- 
carbolines, respectively (6-8). Benzodiazepines and 
B-carbolines have also been shown to produce cere- 
bral metabolic depression and stimulation, respec- 
tively, consistent with their behavioral effects (9,10). 
The clinical side effects of benzodiazepines, including 
respiratory depression, coma, and delirium have been 
reversed with physostigmine (4,5,11-13). However, 
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and CMRo,, and it inhibited the decrease in these param- 
eters produced by midazolam. Alone, B-CCT increased CBF 
and CMRO,, and these changes were potentiated by phy- 
sostigmine. Thus, physostigmine increases CBF and CMRop, 
probably by a direct effect on central cholinergic pathways. 
The ability of physostigmine te antagonize the metabolic 
effects of midazolam and to potentiate the stimulation produced 
by B-CCT suggests an additive effect of the two neurotrans- 
mitter systems rather than a direct interaction at the central 
receptor sites. . 


Key Words: HYPNOTICS—benzodiazepines. 
BRAIN—blood flow. ANTAGONISTS, MISCELLA- 
NEOUS—physostigmine. 


the mechanism of this action is unclear. Midazolam 
has been shown to have anticholinergic activity in the 
mammalian CNS (14). Ancther possibility is that phy- 
sostigmine may interact directly or indirectly with a 
benzodiazepine receptor to antagonize both the de- 
pressive and stimulatory effects produced by ben- 
zodiazepine drugs (4,5,13). In this regard, it has been 
suggested that physostigmine may directly antago- 
nize the effect of benzodiazepines at the benzodiaze- 
pine-gamma aminobutyric acid receptor-chloride ion- 
ophore complex (15). In order to test these hypotheses, 
the cerebrovascular and cerebral metabolic effects of 
midazolam and 3-carbo-t-butoxy-B-carboline (B-CCT) 
were tested alone and with physostigmine treatment. 


Methods 
Surgical Preparation 


One hundred twenty-two 6-month-old male Sprague- 
Dawley rats were used in these experiments. Rats 
were anesthetized with halothane in a bell jar, tra- 
cheotomized, and ventilated with 1% inspired con- 
centration of halothane in O, using a Harvard small 
animal respirator. Body temperature was maintained 
at 37°C, and arterial PCO. was maintained between 
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' Table 1. Cardiovascular and Blood Gas Changes Produced by Physostigmine, Midazolam, and B-CCT 


Blood pressure Heart rate 
n (mm Hg) (min~?) 

Physostigmine dose’ 

0 9 151 + 3 434 + 8 

0.1 7 145 + 1 425 + 2 

0.4 8 178° 2” 440 + 2 

1.0 7 190 + 2° 432 + 6 
Midazolam dose” 

0 9 155 + 4 445 47 

0.5 7 140 + 2° 411 + 8 

5.0 9 VA 394 + 3? 
Midazolam dose with physostigmine (0.4 mg/kg)’. 

0.5 9 149 + 2 438 + 4 

5.0 12 1 El 430 + 4 
B-CCT dose* 

0 9 156 + 3 447 +7 

1.0 9 - 151 41 420 + 6 

10.0 9 is ae ae — 423 + 3 
B-CCT dose with physostigmine (0.4 mg/kg)" 

1.0 9 161 + 1° 430 + 4 

10.0 9 167 + 1° 430 + 5 


All doses in mg/kg. 

‘Intraperitoneal doses for physostigmine and midazolam. 
bP < 0.05 compared to zero dose control. 

‘Intravenous dose for B-CCT. 


35 and 40 mm Hg by adjusting ventilation. Bilateral 
cutdowns were performed for cannulation of both 
femoral arteries and both femoral veins with Clay- 
Adams Intramedic polyethylene catheters filled with 
heparinized normal saline solution. These catheters 
were used for continuous heart rate and pressure 
monitoring, blood withdrawal, and drug administra- 
tion. The left ventricle was catheterized via the right 
common carotid artery for microsphere injections. 
Pressure tracings were monitored to ensure proper 
catheter placement. A Hewlett-Packard pressure 
transducer and chart recorder was used in all cases. 
The skull was exposed, a small hole drilled into the 
sagittal sinus and a catheter inserted for withdrawal 
of sagittal sinus blood samples. 

After completion of surgery, halothane was dis- 
continued and the animal was given 50% N0 and 
50% O; for a 45-min equilibration period. Muscle re- 
Jaxation was achieved with 1 mg/kg intravenous 
d-tubocurarine. 


Drug Administration 


Animals were assigned to one of several treatment 
schedules. In part one, rats were selected to deter- 
mine the effects on cerebral blood flow and metabo- 
lism of intraperitoneally injected physostigmine in 
varying doses. Doses were 0, 0.1, 0.4, and 1.0 mg/kg. 
Microsphere injections and blood gas measurements 
were made 10 min after the injection of physostigmine. 


Paco, Pao, Ca-vO3 

(mm Hg) (mm Hg) (mi 02/100 ml) pH 
36.0 + 0.8 145 + 7 55+ 0.3 7.43 + 0.02 
37.3 + 0.3 143 +1 5.1 + 0.1 7.39 + 0.01 
33.4 + 0.4 132 + 2 44+ 0.2 7.38 + 0.01 
36.4 + 0.8 112 yF 3.4 + 0.2" 7.31 + 0.01 
36.1 + 0.7 139 +7 3.9 + 0.2 7.42 + 0.01 
35.8 + 0.3 145 + 2 5.8 + 0.2} 7.43 + 0.01 
35.8 + 0.2 143 +3 6.6 + 0.178 7.41 + 0.01 
36.5 + 0.2 158 + 2 5.8 + 0.1? 7.37 + 0.01 
36.2 + 0.3 144 + 2 5.7 + 0.1 7.41 + 0.01 
36.3 + 0.8 143 + 6 4.1 + 0.2 7.43 + 0.01 
36.6 + 0.2 132 + 4 44+ 0.1 7.44 + 0.01 
39.4+ 0.3 156 + 3 44+ 0.1 7.41 + 0.01 
38.1 + 0.4 142 +2 43+ 0.2 7.40 + 0.01 
36.8 + 0.3 136 + 3 4.6 + 0.1 7.38 + 0.01 


In part two, rats were subjected to either intraper- 
itoneal bolus injection of 0.5 or 5.0 mg/kg midazolam 
followed 5 min later by an intraperitoneal injection of 
saline, or an intraperitoneal bolus injection of 0.5 or 
5.0 mg/kg midazolam followed 5 min later by an in- 
traperitoneal injection of 0.4 mg/kg physostigmine. A 
microsphere test was performed 10 min after the phy- 
sostigmine or vehicle injection. Nine rats serving as 
controls received an intraperitoneal saline injection 
followed 5 min later by a second intraperitoneal saline 
injection. Microsphere tests were performed in these 
rats 10 min after the second injection. 

In part three, rats received either an intravenous 
bolus injection of 1.0 or 10.0 mg/kg B-CCT followed 
immediately by an intraperitoneal injection of saline 
or an intravenous bolus injection of 1.0 or 10.0 mg/kg 
B-CCT followed immediately by an intraperitoneal 
injection of 0.4 mg/kg physostigmine. Testing with 
microspheres was performed 10 min after these 
procedures. Nine rats serving as controls received in- 
travenous and intraperitoneal saline vehicle injections 
10 min before the microsphere test. 


Microspheres 


Microsphere injections were performed using 15 um 
microspheres labelled with cobalt-57 (New England 
Nuclear). Stock solutions containing 500,000 micro- 
spheres/ml were suspended in isotonic saline with 
0.1% Tween-80. Ventricular pressure tracings were 
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Figure 1. Effect of physostigmine on CBF and CMRo2. Number of 
animals in each group shown in Table 1. Significance values in- 
dicate difference from zero dose control levels. 


monitored before each microsphere injection. Micro- 
spheres were vortexed for 1 min, then 0.2 ml were 
withdrawn (100,000 microspheres) and injected into 
the left ventricle via the ventricular catheter (dead 
space = 0.06 ml) and flushed in with 0.2 ml saline. 
Starting immediately before the microsphere test and 
continuing 45 sec after the end of each injection, blood 
was withdrawn from a femoral artery at a rate of 0.4 
ml/min using a Harvard infusion—withdrawal pump. 
Arterial blood gas measurements were made at the 
end of the microsphere injection procedure. Arterial 
and sagittal sinus blood samples were also taken after 
each microsphere test for measurement of cerebral 
arterial-venous O, content (Ca-vO.). Blood gas ten- 
sions and pH were measured with an IL 1303 blood 
gas analyzer and oxygen content was measured using 
an IL 282 cooximeter. Mean arterial blood pressure 
was measured continuously throughout the micro- 
sphere tests from the second femoral artery to ensure 
blood pressure did not change appreciably. Heart rate 
was measured before each microsphere injection. At 
the end of the microsphere test the rat was killed and 
the brain was removed and sectioned into left and 
right cortical and subcortical samples and weighed. 
The microsphere activity in brain and blood samples 
was analyzed using a Nuclear Chicago 1035 Gamma 
Counter and a Nuclear Data 600 multichannel ana- 
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lyzer. Cerebral blood flow was determined in each ` 
sample using the methods of Heymann et al. (16), 
but only cortical cerebral blood flow (CBF) is reported 
here. Cerebral oxygen consumption (CMRo,) was cal- 
culated as the product of cortical CBF, corrected for 
brain weight, and Ca-vOo. 


Drug and Reagents 


Midazolam maleate (RO 21-3981/1, Hoffman-La- 
Roche, Inc., Nutley, NJ) and physostigmine were dis- 
solved in normal saline for intraperitoneal injection. 
B-CCT was suspended in saline by sonication at the 
time of injection. 


Statistical Methods 


All data are reported as mean + SEM. Statistical tests 
included a one-way analysis of variance to analyze 
physostigmine treatment effects alone and a two-way 
ANOVA to compare midazolam and B-CCT treatment 
effects with and without physostigmine. Unpaired 
t-tests were used to compare individual group differ- 
ences using a Bonferroni correction. 


Results 


Cardiovascular and blood gas changes produced by 
physostigmine are shown in Table 1. Physostigmine 
produced dose-dependent increases in blood’ pres- 
sure which were significant at 0.4 mg/kg. At the high- 
est physostigmine dose, 1 mg/kg, blood pressure was 
increased while Pao, Ca-vO2, and pH were de- 
creased. Cortical CBF and CMRo,2, shown in Figure 
1, both increased after physostigmine administration, 
and these changes were significant as determined by 
ANOVA: CBF, F = 14.67, P < 0.001; CMRO,, F = 
20.77, P < 0.001. 

Midazolam given alone produced decreases in blood 
pressure and heart rate and increases in Ca-vo, (Table 
1). These changes were reversed by physostigmine. 
Cortical CBF and CMRo-, shown in Figure 2, de- 
creased after midazolam treatment: CBF, F = 13.47, 
P < 0.001; CMRo2, F = 15.22, P < 0.001. Physostig- 
mine in combination with midazolam increased CBF 
and CMRo, when compared with midazolam alone: 
CBF, F = 21.12, P < 0.001; CMRO,, F = 24.11, P < 
0.001. 

No significant change in blood pressure, heart rate, 
or blood gases was produced by B-CCT alone (Table 
1). Physostigmine (0.4 mg/kg) given with B-CCT in- 
creased blood pressure, but had no effect on heart 
rate. When given alone, B-CCT did increase CBF and- 
CMRo, (Fig. 3): CBF, F = 7.66; CMRO,, F = 9.64, . 
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Figure 2. Effect of midazolam on CBF and CMRo; with and without 
physostigmine (0.4 mg/kg). Significance values indicate difference 
between physostigmine and sham-treated rats at each midazolam 
dose. 


P < 0.01. These increases in cortical CBF and CMRo, 
were potentiated by physostigmine in combination 
with B-CCT: CBF, F = 8.00; CMRo2, F = 10.27, P < 
0.01. 


Discussion 


It was hypothesized in these studies that stimulation 
of central receptors with physostigmine may directly 
interact with and reverse both CBF and CMRo, 
depression and stimulation produced by central ben- 
zodiazepine receptor activation. This hypothesis was 
based on clinical studies that showed that physostig- 
mine will reverse both the sedation and the delirium 
that may occur following benzodiazepine administra- 
tion (3-5), and upon binding studies in vitro that in- 
dicated that physostigmine is a competitive inhibitor 
at benzodiazepine receptors in rat cortex (15). The 
results of this study show that physostigmine by itself 
increases CBF and CMRo2, and will antagonize the 
decrease in CBF and CMRO,;, produced by midazolam. 
However, physostigmine did not significantly de- 
crease the cerebrovascular and metabolic stimulation 
produced by the benzodiazepine antagonist, B-CCT, 
but potentiated these effects. This would suggest that 
physostigmine does not inhibit benzodiazepine re- 
ceptor stimulation by a direct antagonistic effect but 
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Figure 3. Effect of B-CCT on CBF and CMRo, with and without 


physostigmine. Significance values indicate difference between 
physostigmine and sham-treated rats at each B-CCT dose. 


by an indirect stimulatory effect which is additive with 
benzodiazepines or their antagonists. 

High-affinity, stereospecific benzodiazepine bind- 
ing sites have been identified in the mammalian CNS 
that are physically as well as functionally linked to 
the GABA receptor and the chloride ionophore. Gamma 
aminobutyric acid acts at the benzodiazepine-GABA 
receptor-chloride ionophore by directly increasing 
conductance of the chloride ionophore and inhibiting 
the activity of the neuron (7). Benzodiazepines act at 
this complex by modulating the activity of the GABA 
receptor. Benzodiazepines such as diazepam and 
midazolam are used clinically as preanesthetic seda- 
tive agents. They have also been shown to decrease 
CBF and CMRo, by themselves, and to potentiate 
these effects in combination with other agents such 
as alcohol (10,17,18). B-Carbolines have been shown 
to be potent direct antagonists of central benzodiaze- 
pine receptor binding, as well as having intrinsic ac- 
tions of their own generally opposite to those of ben- 
zodiazepines (6,10). B-CCT has previously been shown 
to increase CBF and CMRo; and to inhibit the cerebral 
metabolic depression produced by midazolam, or 
midazolam in combination with alcohol (17). A dose- 
related increase in CBF and CMRo, was also seen here 
with B-CCT. However, this increase was not signifi- 
cantly inhibited by physostigmine treatment, and the 
cerebral metabolic stimulation produced by physo- 
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stigmine was additive with that of B-CCT. This find- 
ing suggests that although physostigmine effectively 
inhibits the decrease in CBF and CMRo, produced by 
midazolam, it does so not by a direct inhibition of 
binding at the benzodiazepine receptor, but by sep- 
arate cerebral metabolic and cerebrovascular effects, 
which are additive with those of midazolam and B- 
CCT. 

Studies suggest that central cholinergic mecha- 
nisms may be important in the control of CBF and 
brain metabolism. Scremin et al. (19) reported that 
desynchronization of EEG in rats produced increases 
in CBF that could be blocked by local application of 
atropine and exaggerated by eserine, a cholinergic 
agonist. Other reports agree that cholinergic drugs 
will increase CBF (20). It has been suggested that the 
central vasodilating action of physostigmine may pro- 
tect the brain from hypoxic injury (21). However, the 
protection afforded by physostigmine in other hy- 
poxic models is reported to be modest at best (22). 
Part of the reason may be that physostigmine in- 
creases CMRO, with CBF, moderating any potential 
benefit produced. by increased brain perfusion. Sev- 
eral reports indicate that physostigmine treatment in- 
creases local cerebral glucose metabolism (23-25). 
However, certain anesthetic drugs such as ketamine 
and morphine may inhibit the cardiovascular and 
cerebral metabolic effect of physostigmine (26,27). Re- 
sults here also show that CBF and CMRo, both in- 
crease after physostigmine injection. Although there 
is no clear evidence of the mechanism by which phy- 
sostigmine increases CBF and CMR0o2, apparently 
central cholinergic receptors are involved (25). Other 
neurotransmitters may also be involved, including se- 
rotonin, norepinephrine, GABA, and benzodiazepine 
receptors (28-30). Although results reported here and 
elsewhere suggest that physostigmine may antago- 
nize the sedation and cerebral metabolic depression 
produced by benzodiazepines (31), the effect appears 
to be due to physostigmine’s direct effects on cerebral 
metabolism, rather than to a competitive inhibitory 
effect on benzodiazepine receptors as suggested pre- 
viously (15). 

Previously physostigmine has been reported to 
produce hypertensive effects by central cholinergic 
receptor stimulation, the effects are mediated by in- 
creases in peripheral sympathetic activity (32). In- 
creases in blood pressure were also observed here 
after physostigmine administration. It is unlikely that 
the hypertension significantly altered CBF at the two 
lower doses of physostigmine because the blood pres- 
sure did not increase beyond the normal range of 
cerebral autoregulation in the rat (33). Cerebral blood 
flow changes at these doses were also consistent with 
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changes in CMRoO,, suggesting that the increases in 
cerebral perfusion were due to increases in cerebral 
metabolic rate and normal coupling between blood 
flow and metabolism. With 1.0 mg/kg physostigmine, 
blood pressure approached the upper limit of cerebral 
autoregulation. In addition, a slight but significant 
acidosis developed. Both of these factors may increase 
CBF above normal metabolic requirements (33,34). This 
appeared to be the case, because CBF increased more 
than CMRo, at the 1.0 mg/kg physostigmine dose, 
and cerebral oxygen extraction decreased signifi- 
cantly. Neither of the two lower doses of physostig- 
mine produced the same degree of hypertension, ac- 
idosis, or decrease in cerebral oxygen extraction seen 
with 1.0 mg/kg physostigmine, which suggests that 
CBF was not altered separately from CMRo; with the 
0.1 and 0.4 mg/kg physostigmine treatments, and that 
normal coupling between blood flow and metabolism 
was present. 

In conclusion, data here indicate that physostig- 
mine increases CBF and CMRO,, as reported previ- 
ously. The increases in CBF are linked primarily to 
increases in CMRo, and a normal coupling between 
blood flow and metabolism. Midazolam decreased CBF 
and CMRo, in a dose-related manner, and this de- 
crease was antagonized by physostigmine. B-CCT, a 
benzodiazepine antagonist, increased CBF and CMRO,, 
but this change was potentiated by physostigmine. 
These results suggest that physostigmine antagonizes 
the central action of benzodiazepines by a central 
stimulatory action, and not by the direct competitive 
effect at the benzodiazepine receptor that had been 
suggested previously. If physostigmine produces 
stimulation by an action at the central benzodiaze- 
pine-GABA receptor chloride ionophore complex, this 
action is probably independent of the benzodiazepine 
receptor. 


We acknowledge the technical assistance of Susan Anderson. 
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Carbon dioxide single breath tests (SBT-CO,} were obtained 
during anesthesia and controlled ventilation in 42 children 
about to undergo thoracic surgery. The tests were obtained 
with a computerized system based on the Servo ventilator. 
The system made on-line corrections for compressed volume, 
apparatus deadspace, and rebreathing. Children with nor- 
mal pulmonary circulation had excellent gas exchange with 
high PaO, values, a mean alveolar deadspace fraction 
(Vpalo/VTalv) of 0.10, and a gently sloping phase II of 
SBT-CO,. Children with pulmonary hyperperfusion (left to 
right shunting) due to an atrial septal defect or a ventrical 
septal defect had significantly lower PaO values, steeper 


Many children presenting for cardiovascular surgery 
have lesions that affect perfusion of the lung. A patent 
ductus arteriosus (PDA) will give rise to a small to 
moderate degree of pulmonary hyperfusion, i.e., left 
to right (L-R) shunt. Greater degrees of L-R shunt 
can be seen with an atrial septal defect (ASD) or a 
ventricular septal defect (VSD), the latter often giving 
rise to pulmonary hypertension. In these, arterial ox- 
ygenation is only moderately reduced. 

When pulmonary stenosis (PS) occurs as an iso- 
lated defect, the circulation is normal or hypokinetic, 
but PS combined with an intracardiac right to left 
(R-L) shunt gives rise to pulmonary hypoperfusion 
with hypoxemia. In transposition of the great arteries 
(TGA), both the pulmonary and systemic circulations 
may be hyperkinetic, but the large R-L shunt may 
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phase HI slopes, and a greater spend of values for Vpalu/VTalv. 
Children with pulmonary hiypoverfusion due to pulmonary 
stenosis in combination with intracardiac right to left shunt- 
ing had extremely low Pao, values, and “adult” values for 
Vpalv/VTalv. They required increased ventilation to main- 
tain CO, homeostasis. In the pooled material, the airway 
deadspace was strongly correlated to height, weight, and 
age. The airway deadspace was unaffected when tidal volume 
was increased by 37%, and ventilatory frequency simul- 
taneously reduced by 30%, a maneuver that left alveolar 
ventilation unchanged. This is probably because an end- 
inspiratory pause was used; when frequency is reduced the 
length of the end-inspiratory pause increases, allowing prox- 
imal diffusion of the alveolar/fresh gas interface. 


Key Words: VENTILATION—pediatric. ANESTHE- 
SIA—pediatric. 


give rise to an apparent alveolar deadspace, resem- 
bling genuine hypoperfusion. l 

It has been previously argued that the single breath 
test for CO, (SBT-CO,) (1,2,3) is a useful tool for 
studying gas exchange. This plot of expired CO, con- 
centration or fraction against expired volurne (Fig. 1) 
allows measurement of the airway deadspace (Vpaw), 
which is defined as extending from the airway open- 
ing down to the interface between inspired and al- 
veolar gas (3). During mechanical ventilation it is con- 
venient to define the airwav opening as the apparatus 
end of the endotracheal tube. Combined with knowl- 
edge of arterial Pco2, SBT-CO, allows calculation of 
the physiologic deadspace (Vpphys) and the alveolar 
deadspace (Vpalv) (from Vpalv = Vpphys — Vpaw). 
The arterial end-tidal Pco, gradient (Paco, ~ 
PETco,), the alveolar deadspace fraction Vpalv/Vralv, 
(where Vralv = tidal volume, VT — Vpaw), and the 
slope of phase IH of SBT-CO, are of particular interest 
in studies of patients with abnormal lung perfusion. 
Phase III, representing alveolar gas, has also, perhaps 
somewhat misleadingly, been called the alveolar 
plateau. 
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Figure 1. CO; single breath test, i.e., the plot of expired Fco; against 


.. expired volume. The upper horizontal line represents the Fco, of 


a gas in equilibrium with the arterial blood. Triangles p and q are 
of equal area. Area X represents the volume of CO, eliminated in 
the breath; areas Z and Y represent failure to eliminate CO, due 
to the airway and alveolar deadspaces, respectively. 


Vpalv/Vralv represents the degree to which alveo- 
lar ventilation (V) and perfusion (Q) fail to match each 
other. V/Q mismatching can be regional, as in pul- 
monary embolism, and also global, as in asthma, 
chronic bronchitis, and emphysema. In pulmonary 
embolism (2,4) an almost horizontal phase III is the 
rule; in obstructive airways disease, phase III has a 
slope, which is proportional to the alveolar deadspace 
. fraction and to the lung’s mechanical properties such 
as the expiratory time constant (2,5). This paper de- 
scribes SBT-CO, and some of the above variables dur- 
ing undisturbed anesthesia. 


Methods 


The patients were 42 infants and children about to 
undergo elective thoracic surgery. Details of their ages, 
diagnoses, and gas exchange are given in Table 1. 
Children whose height or weight differed from their 
predicted values by more than two standard devia- 
tions (6) are marked with a footnote. In order to 
facilitate analysis of the results, the children were 
divided into four groups: ten controls, with normal 
pulmonary perfusion; 16 children with pulmonary 
hyperperfusion (R-L shunting) due to ASD and/or 
VSD; six with hypoperfusion (R-L shunting); and ten 
unclassifiable because of the mixed nature of their 
lesions. These divisions were based on the results of 
preoperative investigations, including x-ray, cardiac 
catheterization, ultrasound, in addition to the Pao, 
values obtained during anesthesia. 

Anesthesia was provided with N20, 50% in Oz; 
fentanyl and droperidol (cardiac surgery); or with N20, 
fentanyl, and halothane, 0.5% (repair of coarctation, 
closure of PDA via thoracotomy). Long-acting muscle 
relaxants were used sparingly and were not given 
close to the time when measurements were made. 

The ventilator used was a Servo 900C; frequencies 
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were 25-35 breaths/min depending on age of the pa- 
tient. Constant flow inflations, 25% of cycle, 10% end- 
inspiratory pause (EIP), and zero positive end-expir- 
atory pressure were used throughout. No humidifier 
was in use during data collection. Air-tightness in the 
tubings was tested by using the “inspiratory pause 
hold” on the ventilator for a few seconds, and ob- 
serving airway pressure. At steady state and with the 
patients in the supine position during undisturbed 
anesthesia, three SBT-CO, tracings were recorded and 
2 ml of arterial blood slowly withdrawn for immediate 
analysis (ABL2; Radiometer, Copenhagen). The blood 
gas analyzer’s own internal calibration did not vary 
by more than 0.7 mm Hg during periods of data 
collection. 

Arterial PCO2 was ened corrected. In 14 chil- 
dren esophageal temperature was obtained; in the 
remainder, only rectal temperature was available. Their 
true central temperature was obtained by the follow- 
ing formula: Central temperature, °C = 0.594 x rectal 
temperature + 15.0; residual standard deviation (RSD) 
= 0.25; r = 0.89. This equation was obtained from 
28 observations in the 14 children in whom both rectal 
and esophageal temperature had been recorded after 
towelling and draping, but before sternotomy. The 
children were in a state of relative thermal stability at 
the time of measurement, after the initial heat loss 
associated with induction, arterial and venous can- 
nulation, and urinary catheterization. 

SBT-CO, was recorded using an on-line computer 
system (7). The system uses, in addition to the ven- 
tilator, a CO. analyzer 930 coupled to a Facit DTC 
computer that presents and stores the SBT-CO,  trac- 
ing. When a value for Paco; is given to the computer, 
the “invasive” (8) variables Vpphys and Vpalv are 
calculated. Airway deadspace is measured as the point 
of inflexion of phase II, i.e., the point of maximum 
rate of rise of FCO2. The values for Vpaw obtained by 
this method are generally close to those obtained by 
the equal area method (Fig. 1); however, the latter is 
a more difficult task for the computer. In some cases 
a visual “best fit” was preferred. This is simple to 
perform in the absence of airway disease—it is the 
expired volume at Fco; = 0.5 x initial phase III Fco». 
“Best fit” was used in children in whom serial mea- 
surements were also made at different stages of sur- 
gery (9,10), where SBT-CO, may change shape. The 
coefficient of variation of the three samples with the 
chosen method was 3.8 + 1.4% (range 2-6%). The 
coefficient of variation of Vpphys/Vr was 3.9 + 3.0% 
(range 0.0-7.6). Vpalv was obtained from the mean 
Vpphys from 3 samples — mean Vpaw. 

Siemens—Elema pediatric tubings, Y-piece, and CO, 
cuvette were used. The rebreathing volume of the 


Table 1. Diagnoses, Ages, and Gas Exchange Variables 











Age Vr Vp aw Vo aN Yo phys Pao 
(yr) (ml) (ml) Vr alv Vr (mm Hg) 
Childfen with normal pulmonary circulation 
EPS 1.9 97 21 0.12 0.31 265 
2. AS 4.8 159 33 0.14 0.32 268 
3. PS 5.8 132 — 0.07 _ 256 
4. PS 3.5 121 16 0.12 0.23 207 
5. AS, PS?’ 0.9 102 13 0.08 0.20 216 
6. PDA, normal chest x-ray 8.9 210 24 0.09 0.20 307 
7. PDA, normal chest x-ray 6.8 171 25 0.06 0.20 269 
8. PDA, normal chest x-ray 5.8 152 32 0.12 0.30 292 
9. Coarctation of aorta’ 1.5 95 16 0.10 0.25 175 
10. PDA, normal chest x-ray 6.5 177 23 0.06 . 0.18 196 
Mean 4.6 143 23 0.10 0.24 245 
SD 2.6 41 7 0.03 0.05 44 
Children with increased pulmonary circulation 
11. VSD, shunt 3:1 cardiomegaly, widened 3.9 122 28 0.09 0.30 193 
pulmonary vessels’ 
12. ASD, shunt 2.4:1, cardiomegaly, widened 6.3 157 36 0.11 0.32 200 
pulmonary vessels 
13. ASD, VSD, shunt 3:1 cardiomegaly, widened 0.8 69 li 0:17 0.30 154 
pulmonary vessels” 
14. ASD cardiomegaly widened pulmonary vessels 9.2 152 18 0.15 0.25 205 
15. ASD, shunt 3:1, cardiomegaly widened 5.3 147 31 0.10 0.29 127 
pulmonary vessels 
16. VSD, PDA shunt 2.8:1, cardiomegaly widened Da 87 14 0.11 0.25 249 
pulmonary vessels 
17. ASD, shunt 2.3:1, widened pulmonary vessels 8.4 265 36 0.26 0.36 174 
18. VSD, pulmonary hypertension 0.8 92 11 0.13 0.23 233 
19. ASD, shunt 2:1 11 200 39 0.20 0.36 173 
20. ASD Top 163 40 0.07 0.30 245 
21. PDA, widened pulmonary vessels 4.6 162 21 0.06 0.18 246 
22. PDA, widened pulmonary vessels 1.4 95 13 0.05 0.18 197 
23. PDA, widened pulmonary vessels 6.1 136 16 0.12 0.22 236 
24. PDA (large) recent cardiac failure’ 0.5 46 9 0.15 0.32 148 
25. PDA widened pulmonary vessels’ 1.2 78 10 0.07 0.19 253 
26. PDA, 2:1 shunt LI 114 13 0.21 0.30 97 
Mean 4.1 130 22 0.13 0.28 197 
SD 3.2 53 11 0.06 0.06 46 
Children with pulmonary hypoperfusion 
27. Single ventricle, PS 4.4 122 16 0.29 0.39 56 
28. Fallot’s tetralogy” 32 80 14 0.17 0.32 64 
29. PS, ASD, R-L shunt 2.4 100 14 0.15 0.27 75 
30. Transposition, PS, prostaglandin therapy 0.1 22 5 0.43 0.56 51 
31. PS, VSD, double outlet RV’ 125 80 11 0.44 0.52 43 
32. Transposition a 155 26 0.32 0.43 54 
Mean 2.8 93 14 0.30 0.41 58 
SD 1.9 45 F 0.12 0.11 11 
Children with unclassifiable lesions 
33. VSD, transposition? 0.6 80 15 0.28 0.42 46 
34. AV commune, pulmonary hypertension 0.7 64 6 0.12 0.20 92 
35. “Acyanotic Fallot” 0.7 64 9 0.14 0.26 126 
36. Anomalous pulmonary venous drainage 0.3 49 12 0.22 0.41 54 
37. “Acyanotic Fallot” 1.5 109 14 0.23 0.33 232 
38. ASD, VSD, pulmonary hypertension 0.6 49 7 0.25 0.36 68 
39. Fallot ras 102 14 0.17 0.28 79 
40. AV commune, PDA® 1.4 63 10 0.23 0.35 58 
41. “Acyanotic Fallot’ 4.3 146 21 0.08 0.21 166 
42. VSD, ductus arteriosus aneurysm 0.3 58 9 0.32 0.43 66 
Mean 13 78 12 0.20 0.33 99 


SD 1.3 31 4 0.08 0.08 60 


See text for abbreviations. 

Numbers in this column are patient numbers. 

Differs from expected value for height or weight by more than two sps. 

‘Approximate value for V7-Vpaw and Vpphys could not be calculated with certainty because of artifact in phase I. Value for Vpalv/Vralv, however, is 
accurate. 
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pediatric cuvette and Y-piece (11) was estimated with 
the use of isotopes to be equivalent to about 3 ml end- 
expiratory gas. Expired gas that passes through the 
CO, transducer and is then rebreathed is not regis- 
tered during inspiration, hence the need for the cor- 
rection of the tidal elimination of CO, performed ‘’on- 
line”. This is equivalent to correcting for a raised 
Fico, in the deadspace equation. Compressed gas vol- 
ume and apparatus deadspace were subtracted from 
the expired volume “on-line,” and loss of water con- 
tent in the connector tubing (influencing FEco,) was 
also corrected for. The system was calibrated daily 
with signals for airway flow, pressure, and CO, in a 
mixture of equal parts N.O and O,. The CO,-con- 
taining gas was checked by tonometry against the 
blood gas analyzer on several occasions; the largest 
difference found between two successive tests was 
1.0 mm Hg. 

The ability of the system to measure mean expired 
Fco» (FEco,) was tested by ventilating a CO2-produc- 
ing lung model, which gave a realistic SBT-CO, at 
tidal volumes down to 25 ml and EIP pressures of 
5-25 cm H,O. The model consisted of a 0.5-L bag 
ventilated via an airway deadspace and a small-bore 
resistance to slow down emptying of the bag. CO, 
was supplied to the bag at a constant rate. (At tidal 
volumes above 300 ml, adult tubings and a rebreath- 
ing volume of 24 ml (11) were used.) Tidal CO 2 pro- 
duction and tidal volume (VT) (from which FEco, was 
calculated) were noted while the expired gas from the 
ventilator was collected in a Douglas bag. The CO, 
concentration of the Douglas bag (FEco,) was then 
analyzed by passage of the contents through the CO, 
cuvette, ETCO, being read off (2) from the on-line 
system. 

In a different test, in order to demonstrate the per- 
formance of the CO, analyzer itself, the CO, cuvette 
was flushed by the ventilator at tidal volumes of 500 
ml-25 ml. During the ventilator’s expiratory period, 
the same volume of a test gas of known CO, concen- 
tration was passed through the cuvette, mimicking a 
patient’s expiration; the PETco, obtained was read. 

Figure 2 shows the results of these experiments. 
The open circles show the ratio FEco, (on-line): 
FEco, (Douglas bag). The solid circles show the re- 
sults obtained by flushing the CO- cuvette with the 
test gas. The results are expressed as: “obtained 
FETco,/FETco, at 500 ml tidal volume.” Because the 
distribution of points for the two experiments is so 
similar, we believe that the inaccuracy seen at small 
tidal volumes is almost totally due to the performance 
of the CO. analyzer. The probable explanation is that 
at low tidal volumes the cuvette is not totally cleared 
of CO, during inspiration, at the end of which a new 
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Figure 2. Results from the two validation experiments. Tidal vol- 
ume is on the x-axis. For the first experiment (open circles) the y- 
axis represents FEco, on-line system/FEco, Douglas bag. For the 
second experiment (solid circles) the y-axis is FETco,/FETco, at 500 
mi tidal volume. 


zero calibration is made. The CO; signal is logarithmic 
and is not linearized until after the new zero is reg- 
istered. Because of this the effect of the zero error is 
grossly out of proportion to the number of CO, mol- 
ecules present, and does not imply that the 3 ml re- 
breathing correction is significantly wrong. The re- 
sults presented below have been corrected according 
to the solid line in Figure 2. Statistical comparisons 
were performed with Mann—Whitney’s U-test, the 
paired t-test, and Fisher's exact test. 


Results 


Figure 3 shows typical computer printouts from chil- 
dren representative of the three major groups. For the 
31 children whose height and weight were within two 
standard deviations (SD) of predicted values, the 
regression equations for Vpaw against these two vari- 
ables were the following: Vpaw (ml) = —14.4 + 35.45 
x height (m) (r = 0.84, P < 0.0001) and Vpaw (ml) 
= 2.2 + 1.17 x weight (kg) (r = 0.81, P < 0.0001). 
Regressions using all children were very similar. Air- 
way deadspace was also strongly correlated to age. 
Figure 4 shows the distribution for the entire material 
(except patient 3). Children whose length or weight 
deviated by more than two sD are marked. The regres- 
sion for all children (Fig. 4) is Vpaw (ml) = 8.7 + 
2.94 x age (yr) (r = 0.86, P < 0.0001). For the 31 
normal children, Vpaw (ml) = 8.2 + 3.00 x age (yr) 
(r = 0.86, P < 0.0001). There were no significant 
differences in the Vpaw/age and Vpaw/height rela- 
tionships between children anesthetized with 0.5% 
halothane in N,O/O, (n = 16) and those given fen- 
tanyl, droperidol, and N2O0/O2 (n = 26). The numbers 
are too small to permit analysis of the effect of pul- 
monary hypo- and hyperperfusion on Vpaw. When 
the ventilator setting was changed by reducing f by 
30% and increasing VT by 37% mean Vpaw did not 
change (mean increase 0.9 ml, P = 0.12). Mean CO, 
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Figure 3. CO- single breath tests from (A) normal child, (B) child 
with ASD and L-R shunt; (C) child with hypoperfusion and R-L 
shunt. The volume axis is marked 5,10,15% etc. of predicted total 
lung volume. The markings on the vertical axis are 2, 4, 6, 8% COs. 
The computer has marked in Vpaw with a short horizontal line in 
phase II, and also on the volume axis. 


production, which is a measure of alveolar ventila- 
tion, was increased by 1.5% by this maneuver (P = 
0.5). 

The ten normal children all had small alveolar 
deadspace fractions, mean plus sp, 0.10 + 0.03. For 
the children with hyperperfusion it was 0.13 + 0.06; 
the standard deviations but not the means differed 
significantly (P = 0.05). Four children with PDA or 
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Figure 4. The regression of Vpaw against age for all patients. Those 
whose height or weight differed from predicted values by more 
than two sDs are shown with open circles. 


ASD had values more than two standard deviations 
greater than the mean of the normal children, and 
the distribution was somewhat skew. Most children 
with hypoperfusion had greatly increased values for 
Vpalv/VTalv (P < 0.01); this group did not overlap 
with the normal group. The unclassified group also 
had increased values (P < 0.004). 

The physiologic deadspace fraction, Vpphys/VT, was 
low in both the normal group (0.24 + 0.05) and in 
those with hyperperfusion (0.28 + 0.06, P = 0.1), 
whereas two of the underperfused children had val- 
ues larger than 0.5. 

The arterial end-tidal Pco, difference was small 
among the normal children (mean, 0.35 + 0.87 torr). 
In the children with hyperperfusion, it was 0.40 + 
1.40 torr (not significant). The two greatest values 
were seen in two children with ASD, both of whom 
had widened pulmonary vasculature on the chest x- 
ray. Among the hypoperfused children, Paco- 
PETco, was much increased (range, 2.3-12.8 torr), arid 
there was no overlapping with the control group. In- 
creased values were also seen in the fourth group (P 
< 0.08). Figure 5 shows the relationship between 
Vpalv/VTalv and (PacO2~PETco,)/PaCcO>. All the values 
lie below the line of identity, i.e., the alveolar dead- 
space fraction is always greater than the arterial end- 
tidal difference suggests. 

The phase II slope index was calculated from 
100 x increase in FCO, during phase III divided by 
mean phase III FcO2, and is thus corrected for the 
degree of hyperventilation. Phase IH slope index 
showed very little spread of values in the controls 
(mean and median, 2.3). The median for the children 
with hyperperfusion was 3.1 (P = 0.04) with a skew 
distribution of the greater values, similar to that for 
Vpalv/Vtalv. The children with underperfusion showed 
a very large variation in phase II slope; the steepest 
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Figure 5. The relationship between alveolar deadspace fraction and 
(PacO2~PETco,/Paco2. All the points lie below the line of identity. 
This is because phase III has a positive slope. With the exception 
of patient 30, all the marked patients, who lie furthest from the 
line of identity, had pulmonary hyperperfusion. 


one was observed in a small infant with PS and TGA 
who was being given prostaglandins. Four of the chil- 
dren with underperfusion had normal slopes. Among 
the normal and hyperperfused children, phase III slope 
index was correlated to Vpalv/Vtalv (r = 0.74, P < 
0.0001). With the remaining children included, r was 
0.65 (P < 0.0001). 

Arterial oxygenation was excellent in the controls 
(median Pao. = 260 mm Hg). In the children with 
hyperperfusion the median was 203 mm Hg (P = 
0.005). Very low values were recorded in the under- 
perfused group. 

Rectal temperatures at the time of measurement 
were 36.2 + 0.7 °C in the normal and hypoperfused 
children, 36.0 + 0.8 °C in the hyperperfused, and 
35.3 + 1.2 °C in the unclassifiable children. 


Discussion 


The single breath test for CO, has previously been 
used to assess lung function in anesthetized infants 
and children (12). However, we are not aware that 
on-line corrections have previously been applied. The 
only error not corrected on-line (it was corrected dur- 
ing the statistical analysis) is the tidal volume depen- 
dent underestimate of FEco, (Fig. 2). This error is due 
to inadequate removal of CO, from the cuvette during 
inspiration when the analyzer makes a new zero cal- 
ibration. It is reasonable to assume that other aspects 
of the system, such as the rebreathing and com- 
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pressed volume corrections, perform correctly. These 
errors and their corrections have recently been re- 
viewed (11). 

Measurement of gas exchange using the single 
breath test for CO; has considerable advantages com- 
pared with merely analyzing mixed expired Fco; col- 
lected in a Douglas bag. The latter gives only Vpphys/VT 
and CO, production, whereas SBT-CO, gives in ad- 
dition Vpaw, Vpalv/VTalv, phase III slope, and end- 
tidal CO.— all of which allow better understanding 
of the nature of gas exchange derangements in heart 
and lung disease (2,3). SBT-CQOz, is especially valuable 
for observing gas exchange in situations in which the 
alveolar and airway deadspaces may change inde- 
pendently of one another, e.g., during thoracic sur- 
gery (9,10). In addition, monitoring CO, production 
provides an index of both metabolism and circulatory 
function. The breath-to-breath variation in CO, elim- 
ination should not be regarded as a drawback of the 
system for it reflects genuine variation in lung filling 
and emptying, presumably due in part to cardiac ac- 
tivity. However, in children Vpalv/VTalv can be very 
small, and its measurement demands a greater degree 
of accuracy than has previously been needed when 
only Vpphys/VT was measured. For instance, in a nor- 
mal child, Vpalv/VTalv is 0.10, but a 2% overestimate 
of Paco, will give a value of 0.12. This error combined 
with a 2% underestimate of PEco, will give a value of 
0.14. The same errors have proportionately less effect 
in adults, in whom the alveolar deadspace fraction is 
larger (5). 

In this analysis we have chosen to ignore the ap- 
paratus deadspace (usually 9 ml). Thus the values 
given for Vpphys/VT refer to the intubated child’s gas 
exchange rather than that of child plus apparatus. 

The classification into groups was based on pre- 
operative findings, and it is reasonable to expect that 
the L-R shunts in the children with over circulation 
will not change direction with the application of in- 
termittent positive pressure ventilation (IPPV). In some 
children in the unclassified group this assumption is 
unrealistic: we have seen on several occasions how a 
pulmonary outflow tract stenosis (in the presence of 
a VSD) can change in severity during operation, and 
thus change the shunt from L-R to R-L, with con- 
sequent hypoxia and an increase in Vpalv. 


The Airway Deadspace 


The airway deadspace is traditionally difficult to mea- 
sure. Leakage from the ventilator tubings will reduce 
Vpaw especially if, as here, an end-inspiratory pause 
is applied. Air tightness was always tested before 
measurements were taken. Another potential prob- 


GAS EXCHANGE IN CHILDREN 


' lem is that of delay in analysis of the CO, signal. 
However, compared with that of the flow signal, this 
delay is of the order of only a few milliseconds (2) if 
the CO, analyzer is equipped with sufficiently pow- 
erful components, as it was in this study. 

For a given alveolar ventilation, increasing VT and 
decreasing frequency ‘cr vice versa does not affect 
Vpaw in adults (5) or children. The probable reason 
for this is that at the lower frequency, diffusion during 
the longer EIP causes proximal movement of the al- 
veolar/fresh gas interface before expiration starts (3). 
This counteracts the increase in airway caliber that 
the greater tidal volume and end-inspiratory pressure 
imply. Slightly greater values for Vpaw might there- 
fore have been obtained if a ventilator pattern without 
an EIP had been used. 

Although Vpaw can be made to vary greatly in a 
given individual (e.g., by holding of the breath) it is 
relatively constant during IPPV, varying by only about 
2-6% from breath to breath during undisturbed anes- 
thesia. (However, turning to the lateral position and 
maneuvers such as as sternotomy and thoracotomy 
have important effects on Vpaw (9,10).) Thus, at least 
in children, if only Vpphys is known, it is possible to 
estimate the alveolar deadspace during undisturbed 
anesthesia by first making an estimate of Vpaw from 
height or age and subtracting this from Vpphys. Es- 
timation of Vpalv is of particular interest in the pres- 
ence of gross hypo- or hyperperfusion, two causes of 
increased alveolar deadspace in children. It is inter- 
esting to observe that deviations from predicted height 
and weight appear to have little effect on the rela- 
tionship between Vpaw and age (Fig. 4). 


Alveolar Gas Exchange 


The children in the control group demonstrated ex- 
cellent alveolar gas exchange. According to the iso- 
shunt diagram of Benatar et al. (13) the children had 
an intrapulmonary shunt of 2-9%. Their alveolar 
deadspace fractions were low, less than half the value 
found in middle-aged adults (5), and less than the 
values for young adults in the study cited above. 
This efficient alveolar gas exchange, which occurs in 
spite of inflation pressures greater than those nec- 
essary in adults, must reflect the lack of acquired air- 
way disease in children, and perhaps also the smaller 
vertical height of the lung. 

Because Vpalv/VTalv is so small, Vpphys/VT is also 
relatively small: mean value 0.26. The adult mean is 
0.31-0.44, depending on tidal volume (5). Mean 
PaCO2—-PETco, was 0.4 torr, also less than in adults. 
The finding of a small negative arterial end-tidal Pco. 
gradient has previously been demonstrated in young 
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adults (5). It can be explained by the fact that Paco, 
is the temporal and spatial mean Paco, whereas 
PETco, represents the PCO, of the last specimen of gas 
to leave the lung. 

Children with pulmonary hyperperfusion did not 
differ significantly in age, tidal volume, or tempera- 
ture from the normal children. Mean Pao, was, how- 
ever, significantly lower, corresponding to shunts of 
about 5—18%, which agrees with findings in the awake 
state (14). The alveolar deadspace fraction showed a 
greater spread of values than in the normal children. 
Vpphys/VT was insignificantly increased, and so a 
“normal” ventilator setting would be expected to give 
adequate alveolar ventilation. The slope of phase II] 
of SBT-CO, was significantly increased. It should be 
noted that phase III slope is a dimensionless measure 
and is not dependent on calibration; it may thus be 
more sensitive to subtle changes in V/Q relationships 
than Vpalv/VTalv and Paco2—PETco,, both of which, 
as argued above, require extremely accurate mea- 
surement of gas and blood PcO2. Because phase III 
slope can be increased, it is possible for a child with 
a clearly increased alveolar deadspace fraction to have 
a normal arterial end-tidal CO, difference (Fig. 5). 
(Another contributing factor here is the effect of re- 
breathing, which can be seen to be most marked in 
the smallest children. Rebreathing affects calculated 
Vpalv but not expired PcO2.) In the pooled hyper- 
perfused and normal children there was a very strong 
relationship between phase III slope and the alveolar 
deadspace fraction, just as there is in adults (5). 
V/Q mismatching in pulmonary hyperperfusion may 
be explained by loss of homeostasis at the alveo- 
lar/capillary level, which may arise because all avail- 
able vessels must be kept open in order to accom- 
modate the increased pulmonary flow. Closure of an 
ASD causes an abrupt, transient increase in V/Q mis- 
matching (10); this woulda agree with the loss of ho- 
meostasis hypothesis. Among children with overcir- 
culation, there was a negative relationship between 
Pao, and alveolar deadspace fraction (r = —0.57, 
P = 0.02). The increased V/Q spread agrees with the 
findings by others of increased airway resistance 
(15,16). However the degree of V/Q mismatch com- 
pared to normal controls is not great: Lees et al. (14) 
were unable to detect it by studying the urine—alveolar 
Na difference. Increased phase III slope, the increased 
spread of values for the alveolar deadspace fraction, 
and the reduced Pao; are the most important evidence 
of V/Q mismatching in these children. 

In children with VSDs and increased pulmonary 
pressure, the effect on the pulmonary vasculature may 
be different from that of an ASD, where pulmonary 
artery pressure may remain low for many years (17). 
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However, the four children with VSD did not differ 
from the six children with ASD in alveolar deadspace 
fraction, phase HI slope, or Pao, (but they were youn- 
ger, reflecting the necessity for early VSD repair). There 
was no correlation between age and any of these vari- 
ables within the group. In six adults with ASD, ages 
37-66 yr, values for these variables were comparable 
with those of normal adults of the same age (9). Thus 
the pulmonary vasculature appears to tolerate in- 
creased flow, as opposed to pressure, relatively well. 

Children with hypoperfusion and R-L shunting 
presented a single breath test resembling that seen in 
pulmonary embolism (2,4). That is, phase HI had a 
normal slope but Vpalv/Vtalv and Paco,—-PETco, were 
greatly increased—a parallel deadspace. To what ex- 
tent this appearance is due on the one hand to true 
hypoperfusion of lung parenchyma, i.e., high V/Q, 
or on the other hand to R-L shunting, which raises 
Paco, above pulmonary end-capillary Pco2, cannot 
be determined without sampling left atrial Pcop. 
However, it is likely that the shunt plays an important 
role. A practical consequence is that an increased min- 
ute ventilation must be given in order to maintain 
CO, homeostasis. As others (18) have found, these 
children were hypoxic in spite of normal or reduced 
Paco, values. End-tidal CO, is not a reliable indicator 
of Paco2: the PacO.—PETco, difference can be greater 
than in most adults. 

One child in this group who had a much increased 
phase III slope (patient 43) was receiving prostaglan- 
dins to prevent closure of a PDA. This may have 
interfered with homeostatic mechanisms, further in- 
creasing V/Q spread. Five hypoperfused children had 
PaO, values below 70 mm Hg in spite of an Fio, of 
0.5. Gas exchange during IPPV in these children does 
not seem to have been much different from that ob- 
served in the awake state by Lees et al. (18). 

In the unclassified group, values were often mid- 
way between those of the over- and underperfused 
children: this is not unreasonable when the nature of 
the lesions is taken into account. The greatest alveolar 
deadspace fraction and phase III slope in this group 
were seen in a small child with cardiac failure due to 
VSD and PDA (patient 43). This child was not in- 
cluded in the hyperperfusion group because of a low 
Pao,. An SF; washout curve showed reduced alveolar 
mixing efficiency, presumably due to fluid retention 
secondary to the cardiac failure. Cardiac failure in 
children is associated with increased deadspace (19). 
Otherwise, increased alveolar deadspace in the un- 
classified children always occurred in association with 
a normally sloping phase III, as would be expected 
with hypoperfusion and an R-L shunt. 
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Behavioral Effects of Chronic Exposure to Low Concentrations of 
Halothane during Development in Rats 


Edward D. Levin, PhD, and Robert E. Bowman, PhD 


LEVIN ED, BOWMAN RE. Behavioral effects of chronic 
exposure to low concentrations of halothane during 
development in rats. Anesth Analg 1986;65:653-9. 


Long-term behavioral effects of chronic exposure to low con- 
centrations of halothane were evaluated in rats exposed to 
low (12.5 ppm) concentrations from day 2 of conception 
until either 30 (halotnane-30) or 60 (halothane-60) days 
after birth. Rats similarly treated but not exposed to halo- 
thane served as controls. When these rats were tested for 
radial arm maze exploration as adults (1 yr old) both ex- 
posure groups showed significant deficits compared with 
controls. The halothane-treated rats entered significantly 
fewer arms before reentering an arm (entries-to-repeat). At 
55 days of age, in the svontaneous alternation test, response 
speed was significantly slower than controls in both halo- 


Sirice its introduction 30 years ago, halothane has be- 
come one of the most widely used general anesthetics. 
It has been considered relatively safe when patients 
are acutely exposed to anesthetic concentrations (1), 
but there is evidence that it may present hazards when 
operating room personnel are chronically exposed to 
low concentrations (2). Halothane concentrations in 
the operating room have been found to range up to 
32 parts per million (ppm) in the ambient air (3) and 
as high as 140 ppm in the anesthetist’s work area (4). 
Being lipophilic, halothane is relatively slowly ex- 
creted from the body (5). It crosses the placenta (6) 
and appears in mother’s milk (7), exposing the off- 
spring of pregnant or nursing operating room work- 
ers. Some studies have found adverse effects in 
operating room personnel including reproductive 
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thane-30 and halothane-60 rats. This effect was not seen in 
rats more than 55 days old. Replicating previous results, 
the halothane-60 rats showed deficits in learning a light-dark 
discrimination. This deficit was not seen with halothane-30 
rats, indicating that continued halothane exposure during 
the 30- through 60-day period was necessary for inducing 
a noticeable long-term learning deficit. The results show 
that chronic exposure of rats to low concentrations of halo- 
thane during development results in subsequent behavioral 
alteration, and that termination of halothane exposure at 
30 days of age rather than at 60 days of age avoids some of 
the signs of behavioral impairment. 


Key Words: PSYCHOLOGIC RESPONSES—chronic 
halothane exposure. ANESTHETICS, VOLATILE— 
halothane. TOXICITY—halothane. 


impairments (8,9) and deficits in memory perform- 
ance (10). However, it is not certain whether these 
effects were due to halothane exposure or other as- 
pects of the working conditions in the operating room. 
Animal studies provide an opportunity to study the 
specific effects of halothane without the confounding 
factors often present in studies of operating room 
workers. 

Studies using rodent models have found that halo- 
thane exposure during development may have par- 
ticularly severe consequences on the brain and be- 
havior. Chalon et al. (11) found that mice whose 
mothers had been exposed to 1 or 2% halothane dur- 
ing days 6 and 10 or days 14 and 17 of gestation show 
long-lasting deficits in spatial maze learning. Quimby 
et al. (12,13) found a long-lasting learning deficit in 
rats after developmental exposure starting in utero 
and lasting until 60 days after birth. They chronically 
exposed rats to 10 ppm of halothane given on a 
“working week” schedule of 8 hr/day for 5 days/week. 
The learning deficit, which was seen when the rats 
were adults, consisted of retarded acquisition of a 
light-dark discrimination to escape foot shock in a Y- 
maze. Their rats also showed a lowered threshold for 
motor responses to foot shock. However, the learning 
deficit did not seem to depend on altered foot shock 
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sensitivity, because there was also a halothane-related 
deficit in a spatial discrimination task for food rein- 
forcement. Rats exposed to halothane only after 
reaching adulthood (day 60 through 150) did not differ 
from controls in either the shock—escape or food-mo- 
tivated learning tests or foot-shock sénsitivity. In an- 
other study, Uemura et al. (14) found that exposure 
to 100 ppm of halothane on the working week sched- 
ule from day 2 of gestation until’ day 60 after birth 
retarded the development of spontaneous alterna- 
tion, which is a measure of the rat’s natural tendency 
to explore new places rather than return to old ones. 
Exposure to 25 ppm continuously did not affect de- 
velopment of spontaneous alternation. 

These behavioral alterations have been found to be 
accompanied by morphologic changes in the brain. 
Chang et al. (15-17) found that the offspring of preg- 
nant rats exposed to 10 ppm halothane on the “‘work- 
ing week” schedule showed ultrastructural damage 
in cortical pyramidal cells as adults. Quimby et al. 
(12,13) exposed rats on the same schedule from con- 
ception until day 60 postpartum and found impaired 
development of the synaptic web and postynaptic ap- 
paratus in 30% of the cortical synapses of the off- 
spring. Low-level chronic halothane exposure has also 
been found to cause retarded synaptogenesis (14,18) 
and impaired dendritic growth (19). These neuronal 
changes may have resulted from interference with the 
polymerization of neurofilaments produced by halo- 
thane (20) and may underly the observed behavioral 
effects. 

The present study was conducted to determine 
whether exposure to low concentrations of halothane 
for a more restricted period during development would 
also cause behavioral effects. Exposure on the work- 
ing week schedule from day 2 of conception until 60 
days after birth (halothane-60) was compared with 
exposure from day 2 of conception until 30 days after 
birth (halothane-30). Although neural development is 
essentially complete in the rat by 30 days after birth, 
late developing structures such as the hippocampus 
still show considerable plasticity during the juvenile 
_ period from day 30 to 60 (21). Terminating halothane 
exposure at day 30 might be early enough to permit 
completion of neural development that had been in- 
hibited by halothane exposure up to that time. Several 
behavioral tests were used to examine the effects of 
these two exposure regimens, including the shock- 
escape learning test to compare with earlier studies 
and the 8-arm maze exploration test to evaluate the 
hypothesis that exposure continuing through the lat- 
ter part of development might particularly affect the 
hippocampus. 
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Methods 
Experiments 


This study consisted of three experiments. In exper- 
iment 1, the halothane exposure (12.5 ppm) lasted 
from day 2 of gestation until 30 days after birth (halo- 
thane-30). In experiment 2, the exposure continued 
until 60 days after birth (halothane-60). Experiment 3 
included both the halothane-30 and halothane-60 ex- 
posure groups. 


Subjects 


Albino rats (Sprague-Dawley; Madison, WI), about 
130 days old, were purchased when 2-days pregnant. 
They were randomly sorted into treatment groups on 
the day of arrival and housed in litter cages with pine 
wood shavings. Rat chow (Wayne Lab Blox) and tap 
water were available ad libitum. A 12-hr/12-hr light- 
dark schedule was maintained throughout the study, 
with behavioral testing during the light period. The 
rats in the halothane groups were housed in exposure 
chambers. The rats in the chamber control group were 
also housed in exposure chambers, but no halothane 
was given. The rats in the room control group were 
placed in similar-sized cages in the same room as the 
exposure chambers. When the rat pups were born, 
litters were pared to eight as nearly sex-balanced as 
possible. The mothers were removed 25 days after 
birth. After day 30 the offspring were housed in same- 
sexed pairs. 


Halothane Exposure 


Halothane was added to the airstream by a Drager 
halothane vaporizer. The flow of air and halothane 
passed through flowmeters to regulate exposure lev- 
els. The system was calibrated by gas chromatogra- 
phy. The rats in the halothane groups were exposed 
to 12.5 ppm of halothane in the air on a working week 
schedule of 8 hr/day (approximately 9:00 Am to 5:00 
PM) for 5 days/week (Monday-Friday). The pregnant 
rats were exposed from day 2 of conception through 
parturition. Mothers and pups were exposed from 
parturition until separation on day 25, and the off- 
spring alone were exposed until either 30 (halothane- 
30) or 60 days (halothane-60) after birth. 


Light—Dark Discrimination 


In all three experiments, male rats (150 days of age) 
were tested in a symmetrical Y-maze on a light-dark 
discrimination, shock—escape task. In experiment 2, 
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females also were tested. This paradigm was previ- 
ously found to be sensitive in detecting the effects of 
chronic exposure of developing rats to low concen- 
trations of halothane (12, 13). The mazes had alu- 
minum walls, stainless steel bar floors, and Plexiglas 
tops. Each alley was 12 cm high, 12 cm wide, and 45 
cm long. The mazes were enclosed in wooden cham- 
bers. The cue stimulus at the end of each alley was a 
2.5-watt, white light bulb. A pulsed (60 Hz) constant 
current shock of 1.25 mA was delivered through the 
floor and walls of the maze as negative reinforcement. 
Guillotine doors at the threshold of each alley blocked 
access from the rest of the maze between trials. Pho- 
tobeams across the alleys 12 cm from the end detected 
the alley choices. The operation of the mazes during 
a session and data collection were performed by an 
Automated Data Systems 1800E computer. 

At the beginning of each session, the rat was trapped 
in one arm of the maze. After 30 sec, the door was 
raised and the light came on at the end of one of the 
other two arms. The rat could avert a shock (an avoid- 
ance response) by entering the lit arm first within 10 
sec. If the rat chose the lit arm first after the onset of 
the shock, a correct escape response was scored and 
the shock was turned off. If the rat made an incorrect 
response, the shock remained on and the door to the 
start arm was closed, leaving the correct arm as the 
only remaining choice (correction procedure). After a 
30-sec interval with the rat trapped in the correct arm, 
the next trial was started. The location of correct arms 
was varied in a counterbalanced pattern. Starting at 
150 days of age, sessions of 30 trials were run 5 
days/week until the rat reached a criterion of nine 
avoidance or correct escape responses in ten trials. 


Shock Sensitivity 


In experiment 2, after the male and female rats com- 
pleted the shock—escape maze test, their reaction to 
a range of electric shocks was measured. For a single 
session, each rat was placed in a Plexiglas chamber 
(8 x 10 x 31 cm) located in a sound and light atten- 
uated box. The floor of the chamber was made of brass 
bars through which electric shock was delivered. The 
force of the rat’s muscular reaction was transduced 
into an analog electrical signal through a diaphragm 
attached to the chamber floor. This signal was trans- 
formed to a digital signal by an Automated Data Sys- 
tems 1800E computer. During the test session, the rat 
was given ten different shock levels: 0.025, 0.05, 0.10, 
0.15, 0.20, 0.30, 0.40, 0.50, 0.60, and 0.70 mA. These 
were given 0.2-sec pulses of scrambled shock (60 Hz) 
at 10-sec intervals in ascending and descending order 
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four times with 2-min intervals between each se- 
quence. The median reaction to each shock level was 
used for analysis. 


Acoustic Startle 


In experiment 3, the acoustic startle response was 
measured in 1-yr-old female controls, halothane-30 
rats, and halothane-60 rats. This test used the same 
apparatus as the shock sensitivity test in Experiment 
2. Instead of shock, 0.2-sec pulses of sound (100 dB, 
1000 Hz) were presented. Each session included 16 
pulses, one every 10 sec. The dependent measure was 
the force exerted on the floor in response to the acous- 
tic stimulus. Blocks of four responses were averaged 
for analysis. The rats were tested on three consecutive 
days. 


Spontaneous Alternation 


In experiment 2, 120-day-old males and 1-yr-old fe- 
males in both the control and halothane-60 groups 
were tested for Spontaneous Alternation (SA). In ex- 
periment 3, 55-day-old males and 1-yr-old females in 
all three groups were tested for SA. In experiment 3, 
a group of breeders that did not give birth was also 
tested. Spontaneous alternation was run in a black, 
wooden T-maze. The maze had a clear Plexiglas top 
and a concrete floor. The alleys were 9 cm high and 
10 cm wide. The stem of the maze and the two choice 
alleys were each 37 cm long. The stem included a 23- 
cm long start box separated from the rest of the maze 
by a guillotine door. The choice alleys also had doors 
at the choice point. Before each session, the maze was 
wiped out with a 1% acetic acid solution to help mask 
cdor cues left by previous rats. At the start of each 
trial, the rat was placed in the start box for 20 sec. 
The latency for the rat to enter one of the choice arms 
(four paws beyond the threshold) and the choice were 
measured. The maximum latency allowed was 300 
sec. After making a choice, the rat was trapped in the 
arm for 30 sec and then was carried to the start box 
for the next trial. Six trials were run. The dependent 
measures were percent of choice alternation and re- 
sponse latency. Before analysis, to compensate for a 
skewed distribution, the latency scores were con- 
verted to speed scores of (I/latency). 


&-Arm Maze Exploration 


In experiment 3, 1-yr-old females from the control, 
halothane-30, and halothane-60 groups that had not 
been previously tested were tested for exploration of 


656 ANESTH ANALG 
1986;65:653-9 


LEVIN AND BOWMAN 


Light ~ Dark Discrimination, Shock Escape Y-Maze 
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an 8-arm maze.. The walls of the alleys and the floor 
of the center platform were made of black painted 
wood. The floors of the alleys were made of wire 
mesh. The top of the entire maze was clear Plexiglas. 


The center platform was 34 cm in diameter, and each - 


of the radial alleys was 10.5 cm wide, 10 cm high, and 
42 cm long. To begin each session, the rat was placed 
on the center platform. The rat’s pattern of alley en- 
tries (all four feet beyond the threshold) was recorded. 
The rat was allowed to explore the maze freely until 
eight entries had been made or 5 min had elapsed. 
The number of alleys entered before a reentry (entries 
to repeat) was used as the measure of choice per- 
formance. The latency taken to make eight alley en- 
. tries was also analyzed. 


Statistics 


In all of the behavioral tests, the control rats were 
tested at the same time and under the same conditions 
as the halothane-exposed rats. Order of testing was 
randomized among the groups. All of the data of the 
offspring rats were analyzed in terms of litter means 
to avoid the problem of confounding possible litter 
effects with experimental effects. Analysis of variance 
was used to assess the significance of the data. Good’s 
statistic (22) for detecting the effects of low-level toxic 
effects was used when there was evidence that only 
some of the rats responded to the treatment. 





Experiment IT 


Figure 1. Light~dark discrimination in 
the shock-escape Y-maze: trials to 9/10 
criterion (mean + SEM), experiments 1, 
2, and 3. 
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Results 
Body Weight 


Halothane exposure did not have a significant effect 
on adult body weight of the offspring in any of the 
three experiments. In experiment 3, transient deficits 
in weight gain were observed during exposure. The 
halothane-exposed pregnant rats gained 3.4% less 
weight during gestation, which was reflected in a sig- 
nificant halothane: x days interaction [F(1,45) = 5.94, 
P < 0.05]. The halothane-exposed offspring weighed 
5.6% less than controls 23 days postpartum (P < 0.10) 
and 6.5% less 32 days postpartum (P < 0.01). By 65 
days of age they were not different from controls in 
weight. | 


Light—Dark Discrimination 


Trials to 9/10 correct criterion from all three experi- 
ments are shown in Figure 1. In experiment 1, there 
was no significant effect of halothane. Both groups 
took about 29 trials to reach criterion. In experiment 
2, there was a significant deficit [F(1,7) = 6.25, P < 
0.05) in the halothane-60 group, which took 45.9 + 
3.8 trials, whereas the control rats took 34.3 + 3.4 
trials. Both male and female rats showed the effect. 
Experiment 3 was consistent with experiments 1 and 
2. The control and halothane-30 groups did not differ 
from each other, whereas the halothane-60 group took 
longer to reach criterion. This difference was not sig- 
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nificant by analysis of variance, but examination of 
the individual data of the halothane-60 group indi- 
cated that some rats were impaired, whereas others 
showed control-level performance. The difference be- 
tween the control group and the halothane-60 group 
was significant (P < 0.05, one-tailed) when Good's 
statistic (22) for responders and nonresponders was 
used. The one-tailed test was considered appropriate 
because of the previous deficit seen in experiment 2 
and by Quimby et al. (12,13). 


Shock Sensitivity 


There were no significant halothane-related differ- 
ences in the force of reaction to foot shock in exper- 
iment 2. There was a significant main effect of sex, 
with the females showing greater responsiveness to 
foot shock [F(1,7) = 14.61, P < 0.01]. This difference 
was exacerbated by higher shock levels as was re- 
flected by the significant sex X shock level reaction 
[F(9,63) = 7.53, P < 0.001]. At the lowest shock level 
(0.025 mA), the males showed a greater response than 
the females, whereas at the highest shock level the 
females showed about a 20% greater response. 


Acoustic Startle 


There were no significant halothane-related differ- 
ences on the acoustic startle test with the halothane- 
30 and halothane-60 groups in experiment 3. There 
was a significant habituation effect seen over the daily 
sessions [F(2,32) = 16.95, P < 0.001], in which the 
average response changed from 13,361 + 290 on the 
first day to 11,233 + 290 on the second day to 10,603 
+ 258 on the third day. There were no significant 
within-session habituation effects detected. 


Spontaneous Alternation 


There were no significant halothane-related effects on 
the percent alternation. Response speed showed sig- 
nificant halothane-related effects in one cohort but not 
the other cohorts. There were no significant halo- 
thane-related effects on speed in either the 120-day- 
old or 1-yr-old females of experiment 2 and the adult 
breeders of experiment 3, but the 55-day-old males of 
experiment 3 did show a reduction in speed in the 
halothane-exposed groups [F(2,37) = 3.37, P < 0.05]. 
The controls, halothane-30 and halothane-60 groups 
had means of 65.0 + 8.6, 32.5 + 7.2, and 48.6 + 9.9, 
respectively. 
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Figure 2. 8-Arm maze exploration: entries to repeat (mean + SEM), 
experiment 3. 


8-Arm Maze Exploration 


In experiment 3, both the halothane-30 and halo- 
thane-60 groups had significantly lower entries-to- 
repeat scores than did control rats [F(2,20) = 3.80, 
P < 0.05]. Control rats took 5.56 + 0.28 entries to 
repeat, whereas the halothane-30 group took 4.56 + 
0.15, and the halothane-60 group took 4.57 + 0.36 
entries (Fig. 2). There were no significant effects of 
session or halothane x session. There were no sig- 
nificant halothane-related effects on response latency. 


Discussion 


As seen in earlier studies (12-14), chronic exposure 
to low levels of halothane during development in these 
experiments resulted in selective, long-lasting behav- 
ioral alterations. Both the halothane-30 and halo- 
thane-60 exposure paradigms had behavioral conse- 
quences, but the exposure lasting until 60 days after 
birth had effects in more tests. The 8-arm maze en- 
tries-to-repeat measure and the spontaneous alter- 
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nation speed measure detected significant effects with 
both exposure conditions. The halothane-induced ef- 
fect on 8-arm maze performance was detected at 1 yr 
of age, whereas the decrease in SA speed was seen 
at 55 days but not beyond that age. The shock—escape, 
light-dark discrimination test at 150 days of age de- 
tected effects in the halothane-60 groups but not in 
the halothane-30 groups. Stopping exposure at 30 days 
may have allowed sufficient time for enough devel- 
opmental recovery to occur in the halothane-30 group 
so that they were able to perform this task. 

The effect on entries-to-repeat in the 8-arm maze 
at more than 10 months after the end of exposure was 
quite long-lasting and may have represented a per- 
manent result of exposure to halothane during de- 
velopment of the central nervous system. This mea- 
sure of exploratory behavior may have wider utility 
in behavioral toxicology. It has also been found to be 
sensitive in detecting the effects of chronic exposure 
to low concentrations of lead (10 or 100 ppm) in wean- 
ling rats (23). Exploration in the 8-arm maze was more 
sensitive to halothane than spontaneous alternation 
in the T-maze. The latter did not detect a significant 
effect of either halothane exposure regimen, even 
though it did detect effects of higher exposure levels 
in another experiment from our laboratory (14). The 
greater sensitivity of the 8-arm maze test may have 
resulted from the greater number of alternatives for 
exploration than the two choice T-maze. 

The multiple response locations in the 8-arm maze 
test makes entries-to-repeat a useful measure for dif- 
ferentiating perseveration and distribution of re- 
sponses from random responding. Early in the ses- 
sion, random selection of previously visited arms is 
unlikely. Repetition at this point indicates persever- 
ative tendencies. As more alleys are visited, the chance 
of randomly choosing a novel alley decreases. High 
scores indicate distributive tendencies. The random 
change probability occurrence of entries to repeat scores 
of 1-8 is: 0.125, 0.219, 0.246, 0.205, 0.128, 0.058, 0.017, 
and 0.002. The mean entries-to-repeat score expected 
by chance is 3.24. In this study, all groups performed 
well above chance. The halothane-exposed groups 
performed closer to chance than controls. The halo- 
thane-exposed groups showed no indication of per- 
severative choices but did show lessened distribution 
of responses. This did not appear to be due to de- 
creased use of perseverative turning strategies by the 
exposed groups. None of the groups significantly dif- 
fered from each other or exceeded the random chance 
probability of 25% of choosing adjacent alleys. 

The shock—escape maze learning deficit seen in the 
halothane-60 groups replicated the results of Quimby 
et al. (12,13). The halothane-30 groups showed similar 
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trials to criterion scores as the controls in both ex- 
periments 1 and 3. Continued halothane exposure 
during the 30-60 day period appeared necessary to 
produce a deficit on this test. Even though nearly all 
neural development is concluded in the rat by 30 days 
after birth, there remains considerable neural plastic- 
ity during the juvenile period. McWilliams and Lynch 
(21) have found that hippocampal reactive synapto- 
genesis is still quite efficient at replacing lost synapses 
in the 30-60 day period. Low-level halothane expo- 
sure recently has been found to suppress synapto- 
genesis in both the hippocampus and cortex (19). End- 
ing halothane exposure on day 30 may have allowed 
sufficient time for recovery from earlier halothane- 
induced neuronal effects before the developmental 
window had passed. 

The present results provide further indication that 
chronic, low-level exposure to halothane during de- 
velopment causes long-lasting behavioral alteration. 
The changes seen at 1 year of age are likely to rep- 
resent permanent effects. The impaired performance 
of the halothane-60 groups compared with the halo- 
thane-30 groups on light-dark discrimination indi- 
cated that continued exposure during the juvenile pe- 
riod was necessary for some aspects of halothane’s 
behavioral effect. Given its properties of inhibiting 
synaptogenesis and retarding the outgrowth of the 
dendritic tree (14, 19), halothane may be useful as a 
tool for examining the developmental windows for 
many types of behavior. The behavioral effect seen 
in the halothane-30 group suggests that low-level 
halothane exposure during development may have 
adverse behavioral effects, even when the exposure 
is stopped soon after weaning. The offspring of women 
operating room workers who are exposed to halo- 
thane in utero and through nursing may be at risk for 
adverse behavioral effects. 
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Partial Preservation of Cerebral Vascular Responsiveness to 
Hypocapnia during Isoflurane-Induced Hypotension in Dogs 


Alan A. Artru, MD 


ARTRU AA. Partial preservation of cerebral vascular 
responsiveness to hypocapnia during isoflurane-induced 
hypotension in dogs. Anesth Analg 1986;65:660-6. 


This study was undertaken to determine whether the cerebral 
vascular response to hypocapnia is preserved during iso- 
flurane-induced hypotension. In six dogs (group 1) cerebral 
vascular resistance and cerebral blood flow were determined 
at normocapnia (Paco, 40 mm Hg) and at hypocapnia (Paco, 
20 mm Hg) while mean arterial pressure was normal, and 
then again during isoflurane-induced hypotension to a mean 
arterial pressure of 50 mm Hg. Hypocapnia increased cere- 
bral vascular resistance and decreased cerebral blood flow 
during both normotension and isoflurane-induced hypoten- 
sion. However, the magnitude of these responses was greater 
when mean arterial pressure was normal. In another six 
dogs (group 2), CO; responsiveness was examined during 
isoflurane-induced hypotension without prior determination 
of CO, responsiveness at normal mean arterial pressure and 
during sodium nitroprusside-induced hypotension to a mean 


Previous studies have reported that cerebral blood 
flow (CBF) responses to hypocapnia are lost during 
hypotension induced by drugs and techniques com- 
monly used during anesthesia. In dogs, hypocapnia 
(Paco 20 mm Hg) caused no significant change in 
CBF or cerebral vascular resistance (CVR) during hy- 
potension (mean arterial pressure 50 mm Hg) induced 
by sodium nitroprusside (1), trimethaphan (1), or ni- 
troglycerin (2). The absence of cerebral vascular re- 
sponses to CO, was also observed during halothane- 
induced hypotension to a mean arterial pressure (MAP) 
of 45 mm Hg in baboons (3), and during hypotension 
to an MAP of 36 mm Hg induced by combining tri- 
methaphan and halothane in cats (4). 

Recently, isoflurane (2-3% inspired concentration) 
has been proposed as a means for inducing controlled 
hypotension in patients (5,6). It is not known whether 
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arterial pressure of 50 mm Hg. As in group 1, partial 
preservation of CO, responsiveness was observed during 
isoflurane-induced hypotension; the magnitude of the re- 
sponse in group 2 during isoflurane-induced hypotension 
was similar to that in group 1. In contrast, in group 2 
during sodium nitroprusside-induced hypotension, hypo- 
capnia caused no significant change of cerebral vascular 
resistance or cerebral blood flow. It is concluded that cerebral 
vessels respond to changes in Paco, differently during iso- 
flurane-induced hypotension than during hypotension with 
other commonly used hypotensive treatments. Hypocapnia 
decreases cerebral blood flow during isoflurane-induced hy- 
potension and, therefore, may also decrease cerebral blood 
volume, brain bulk, and intracranial pressure. 


Key Words: ANESTHETICS, vo.Latite—isoflurane. 
ANESTHETIC TECHNIQUES—hypotension. 
BRAIN—blood flow, cerebral vascular resistance. 
CARBON DIOXIDE—hypocapnia. 


CBF responses to hypocapnia are also lost during iso- 
flurane-induced anesthesia. Currently available data 
suggest that cerebral vascular responsiveness to CO, 
may be preserved. Drummond and Todd examined 
CBF responses to CO, in normotensive cats (7). They 
reported a steeper PacO2~CBF regression slope dur- 
ing anesthesia with 1.0 MAC isoflurane than during 
anesthesia with 1.0 MAC halothane or during seda- 
tion with nitrous oxide. Because cerebral vascular re- 
sponsiveness to CO, is enhanced by 1.0 MAC iso- 
flurane at normotension, it is possible that some CO, 
reactivity may persist at higher concentrations of iso- 
flurane used to produce hypotension. If so, isoflurane 
would be distinguished from such currently used hy- 
potensive agents as sodium nitroprusside, halothane, 
trimethaphan, and nitroglycerin. 

Preservation of CBF responses to hypocapnia dur- 
ing isoflurane-induced hypotension would be impor- 
tant clinically because hypocapnia could be used to 
decrease CBF and cerebral blood volume (CBV), thereby 
influencing intracranial pressure when the cranium is 
closed, brain “bulk” when the cranium is opened, 
and regional brain tissue perfusion. Hypocapnia rou- 
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tinely is used for these purposes during normotension 
but becomes ineffective when other currently used 
hypotensive agents are used to lower MAP to =50 
mm Hg (1-4). 

The present study was designed to examine the 
cerebral vascular response to hypocapnia at normo- 
tension and during isoflurane-induced hypotension 
in dogs. The level of hypotension chosen for study 
was an MAP of 50 mm Hg. This value is within a 
range used clinically for elective, controlled hypoten- 
sion (8). At higher MAP, intact COQ, responsiveness 
might be expected with all hypotensive techniques 
(4,9,10). At lower MAP severe cerebral metabolic dis- 
turbances may occur (11). 


Methods 


Twelve unmedicated mongrel dogs (12.2-20.9 kg) were 
anesthetized with isoflurane (>1.6%) and N2O (66%) 
in oxygen. The trachea was intubated and ventilation 
was controlled with a Harvard pump. Ventilation was 
adjusted along with the inspired oxygen concentra- 
tion to maintain initial blood gas tensions (Radiometer 
BMS3 MK2 electrodes) at Pao. > 120 mm Hg and 
Paco, = 40 + 1 mm Hg (mean + SEM). With the 
animal in the lateral position, a urinary catheter was 
placed and both femoral veins were cannulated for 
fluid and drug administration. Intravenous infusion 
of succinylcholine, 50-120 mg/hr, maintained muscle 
relaxation. The right femoral artery was cannulated 
for arterial blood sampling for blood gas analysis and 
continuous monitoring of Systemic arterial pressure 
and heart rate. Mean arterial pressure was deter- 
mined by electronic integration. Expired CO, was 
continuously monitored via a Beckman LB-2 medical 
gas analyzer. Temperature was monitored by a na- 
sopharyngeal thermistor probe and maintained at 37.0 
+ 0.5°C by heat lamps. Depletion of vascular volume 
was minimized by continuous infusion of saline 4-6 
mi-kg~*hr~?. 

The animal was then turned to the prone position 
and the head slightly elevated and fixed in a stereo- 
taxic frame. The zero reference for the strain gauge 
to measure systemic arterial pressure was set at the 
level of the top of the dog’s head. The method for 
measurement of CBF was previously described in de- 
tail (12) and is summarized here. The sagittal sinus 
was exposed via craniectomy and, following systemic 
intravenous infusion of heparin, 8000 units, the pos- 
terior sagittal sinus was incised and a snug-fitting, 
tapered catheter (2 mm internal diameter) was passed 
anteriorly 2~4 mm. The sinus was packed with strips 
of Surgicel (absorbable hemostat; Johnson & Johnson, 
New Brunswick, NJ) through another incision just 
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Table 1. Summary of Experimental Values 


Condition Paco.(mm Hg) MAP (mm Hg) Duration (min) 
1 40 Normal 30 
2 20 Normal 30 
3 40 Normal 60 
4 40 50 30 
5 20 50 30 


posterior to the catheter, assuring total diversion of 
sagittal sinus flow. The tip of the catheter was placed 
at the level of the base of the skull, and flow from the 
catheter was collected by gravity in a reservoir and 
returned by a pump to the femoral vein. At each 
experimental condition CBF, expressed as ml/min, was. 
determined by three to five timed collections of out- 
flow from the sagittal sinus catheter. Conversion of 
CBF values from ml/min to ml-min~*100 g7! was based 
on the portion of the brain that contributed to sagittal 
sinus flow, namely, 48%. This value was determined 
as previously described (12) using an additional group 
of six dogs (1). The accuracy of this method for de- 
termining CBF was previously reported for CBF val- 
ues of 25-98 ml-100 g~*-min~* (12) and for CBF values 
of 30-230 ml-100 g~ 4min~- produced by altering Paco, 
(13). CVR was calculated as the ratio of MAP and CBF. 
At each experimental condition a single sagittal sinus 
blood sample for measurement of cerebral venous ox- 

gen tension (PssO2) was drawn into a syringe through 
a side-arm at the tip of the sagittal sinus outflow cath- 
eter by gentle aspiration. 

After completion of the surgical preparation, the 
expired concentration of isoflurane was decreased to 
0.3% (end-tidal concentration determined by gas 
chromatography) (14). Once stable measurements of 
cerebral and systemic variables were obtained (at least 
25 min later), the 12 animals were divided into two 
groups of six dogs each. In group 1, CBF was deter- 
mined during both normocapnia and hypocapnia 
(Paco, = 20 mm Hg) at normotension, and then again 
at hypotension (see Table 1 for sequence). For each 
30-min treatment period, 25 min were allowed for 
achieving and maintaining the desired condition, and 
the final 5 min were used to determine cerebral and 
systemic variables. At condition 3, 55 min were al- 
lowed for restoration of normal brain extracellular fluid 
acid—base balance after the preceding hypocapnia (15). 
At conditions 4 and 5, hypotension to an MAP of 50 
mm Hg was achieved by increasing the inspired con- 
centration of isoflurane to 2.5-4.3%. 

In group 2, CBF was determined during both nor- 
mocapnia or hypocapnia at isoflurane-induced hy- 
potension to an MAP of 50 mm Hg without prior 
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Table 2. Effect of Hypocapnia on Cerebral and Systemic Variables at Normal MAP in Group 1 


Normocapnia/normotension 


Variables 


Cerebral 
CVR (mm Hg/ml-min~*-100 g7?) 
CBF (mbmin~?-100 g~?) 
Psso2 (mm Hg) 
Systemic 
MAP (mm Hg) 
Heart rate (beats/min) 
Paco, (mm Hg) 
Pao: (mm Hg) 
pH 
Bicarbonate (mEq/L) 
Hemoglobin (g/dl) 
Temperature (nasopharyngeal, °C) 


All values are mean £ SD. 
n= 6. 


(condition 1) 


ARTRU 


Normotension/hypocapnia 
(condition 2) 


1.30 + 0.34 2.36 + 0.71° 
81.4 + 21.3 46.2 + 13.7% 
58 + 11 34 + 7 
106 + 12 108 + 13 
115 + 15 132 + 19 
41.0 + 2.7 22.4 + 1.7" 
143 + 31 150 + 32 
7.34 + 0.04 7.49 + 0.04 
21.7 + 1.8 170 -2.1 
136° 1.9 13.8 + 1.7 
37.3 + 0.3 37.2 + 0.3 


Abbreviations: CVR, cerebral vascular resistance; CBF, cerebral blood flow; Psso2, sagittal sinus blood oxygen tension; MAP, mean arterial pressure. 


Significant differences from normocapnia and normotension, P < 0.05. 
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Figure 1. The effect of hypocapnia on cerebral vascular resistance 
(CVR) and cerebral blood flow (CBF) is shown for each condition 
of normotension and hypotension. The percent change in CVR and 
CBF caused by hypocapnia was calculated based on values for CVR 
and CBF at Paco. = 40 mm Hg and either normotension or hy- 
potension. Stippled bars represent CVR, hatched bars represent 
CBF, and vertical lines denote standard deviation. Hypocapnia 
caused a significant increase of CVR and decrease of CBF during 
normotension and during isoflurane-induced hypotension (aster- 
isk, P < 0.05), but not during sodium nitroprusside-induced hy- 
potension. The magnitude of changes in CVR and CBF was greater 
during normotension than during isoflurane-induced hypotension 
(star, P < 0.05). ) 


testing at normotension. These studies were under- 
taken to rule out the possibility that in group 1 the 
CBF response to normocapnia and hypocapnia during 
hypotension was influenced either by time (2 hr elapsed 
before hypotension was induced) or by the 30-min 
exposure to hypocapnia at normal MAP. In group 2, 
three dogs were examined first at normocapnia and 
then at hypocapnia, whereas the other three dogs 
were examined first at hypocapnia and then at nor- 
mocapnia. As in group 1, the duration of each con- 
dition was 30 min. The concentration of isoflurane 
was then decreased to 0.3% and dogs were main- 
tained at normocapnia and normotension for 60 min. 
After this 60-min period, CBF was again determined 
during both normocapnia and hypocapnia, this time 
in conjunction with sodium nitroprusside-induced 
hypotension to an MAP of 50 mm Hg. These studies 
were undertaken to determine whether CBF re- 
sponses to hypocapnia would be absent during hy- 
potension induced solely with sodium nitroprusside 
as reported in an earlier study in dogs (1). Again three 
dogs were examined first at normocapnia and then 
at hypocapnia; another three dogs were examined 
first at hypocapnia and then at normocapnia. The 
duration of each condition was 30 min. 

Cerebral and systemic variables were compared 
within groups using repeated-measures two-factors 
analysis of variance, with Paco, and MAP comprising 
the two treatments (16). Where the calculated F value 
exceeded the critical value for the 0.05 probability level, 
a paired t-test with the Bonferroni correction was used 
to determine which treatment differences were sig- 
nificant. P < 0.05 was considered statistically signif- 
icant. 


CO, RESPONSIVENESS DURING ISOFLURANE HYPOTENSION 
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Table 3. Effect of Hypocapnia on Cerebral and Systemic Variables during Isoflurane-Induced Hypotension in Group 1 


Normotension/normocapnia 


Variables (condition 3) 
Cerebral 
CVR (mm Hg/mlmin~ +100 g~?) 1:57 20.21 
CBF (mlmin~'-100 g~t) 72:.9-& 131 
Psso, (mm Hg) 48 + 6 
Systemic 
MAP (mm Hg) Tio. 260 17 
Heart rate (beats/min) 112 + 23 
Paco: (mm Hg) 41.9 + 2.4 
Pao2 (mm Hg) 145 + 28 
pH 7.28 + 0.03 
Bicarbonate (mEq/L) 19.4 + 2.1 
Hemoglobin (g/dl) 13.4 + 1.3 
Temperature (nasopharyngeal, °C) 36:8 + 0.3 


All values mean + SD. . 
n= 6, 


Hypotension/normocapnia 
(condition 4) 


Hypotension/hypocapnia 
(condition 5) 


0.98 + 0.13" 1.25 + 0.13° 
50.0 + 6.59 39.4 + 4.8° 
SOc 7 35 5 
48 + 1° 49 + 2 
126 + 19 126 + 17 
41.9 + 2.6 23.9 + 1.9% 
141 + 26 144 + 32 
7.26 + 0.03 7.43 + 0.04? 
18.6 + 1.9 15.8 + 1.7 
13.5 + 1.2 13.5 2 1.2 
36.9 + 0.3 36.8 + 0.3 


Abbreviations: CVR, cerebral vascular resistance; CBF, cerebral blood flow; Psso2, sagittal sinus blood oxygen tension; MAP, mean arterial pressure. 


Significant difference from normotension and normocapnia, P < 0.05. 
'Significant difference from hypotension and normocapnia, P < 0.05. 


Results 
Group 1 


At normal MAP cerebral vessels responded vigor- 
ously when Paco. was lowered. Hypocapnia in- 
creased CVR by 82%, and decreased CBF by 43% and 
Psso, by 41% (Table 2, Figure 1). Cerebral vessels also 
responded to hypocapnia during isoflurane-induced 
hypotension, though the magnitude of the response 
was less than that observed at normal MAP. At MAP 
of 50 mm Hg hypocapnia increased CVR by 28%, and 
decreased CBF by 22% and Psso, by 30% (Table 3). 
The end-expired concentration of isoflurane was 
2.40 + 0.31% (mean + sD) at an MAP of 50 mm Hg. 


Group 2 


The cerebral vascular response to hypocapnia during 
isoflurane-induced hypotension was similar in this 
group (dogs not previously tested for CO, respon- 
siveness at normal MAP) to the response in dogs that 
were first tested for CO, responsiveness at normal 
MAP (group 1). Atan MAP of 50 mm Hg, hypocapnia 
increased CVR by 34%, and decreased CBF by 27% 
and PssO, by 24% (Table 4). In this group isoflurane- 
induced hypotension to an MAP of 50 mm Hg was 
achieved with an end-expired isoflurane concentra- 
tion of 2.28 + 0.23%. When hypotension to the same 
level was subsequently produced using sodium ni- 
troprusside, hypocapnia caused no statistically sig- 
nificant change in CVR or CBF (Table 5). 
Hypocapnia was associated with increase in blood 
pH and decrease in serum bicarbonate in all dogs. 
The magnitude of these changes was similar in dogs 


at normal MAP to that in dogs during isoflurane- or 
sodium nitroprusside-induced hypotension. In group 
1, hypotension at normecapnia decreased CVR and 
CBF. Otherwise, neither hypotension alone nor hy- 
pocapnia plus hypotension significantly altered other 
cerebral or systemic variables. 


Discussion 


Partial preservation of cerebral vascular responsive- 
ness to hypocapnia during isoflurane-induced hy- 
potension sets isoflurane apart from most other hy- 
potensive techniques commonly used in clinical 
practice. Loss of cerebral vascular responsiveness to 
hypocapnia has been reported during hypotension to 
an MAP = 50 mm Hg achieved with sodium nitro- 
prusside (1), trimethaphan (1,4), nitroglycerin (2), and 
halothane (3). Loss of CO, responsiveness has also 
been reported during hypotension to MAP = 50 mm 
Hg produced by hemorrhage (17,18) and during hy- 
potension induced with nimodipine (19). In contrast, 
preservation of CO, responsiveness, though again at 
a lower magnitude than CO, responsiveness at nor- 
mal MAP, has been reported with one hypotensive 
treatment recently proposed for clinical use (20,21). 
Boarini et al. reported that in dogs hypocapnia (Paco, 
of 20 mm Hg) during hypotension (MAP of 50 mm 
Hg) induced with adenosine resulted in a small but 
statistically significant reduction in regional CBF, most 
notably in cerebral cortex (22). However, in no areas 
was CBF lowered to ischemic levels. 

Partial preservation of CO. responsiveness sug- 
gests that during isoflurane-induced hypotension hy- 
pocapnia may be used to alter CBV and CBF. In the 
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Table 4. Effect of Hypocapnia on Cerebral and Systemic Variables during Isoflurane-Induced Hypotension in Group 2 


Hypotension/normocapnia Hypotension/hypocapnia 





Variables (condition 1) (condition 2) 
Cerebral 
CVR (mm Heg-ml~*-min~'-100 g`?) 0.97 + 0.22 1.30 + 0.217 
CBF (mlmin~+.100 g~?) 54.4 + 13.7 39.7 + 8. 
Psso, (mm Hg) 49 + 8 37 t F 
Systemic 
MAP (mm Hg) 50 + 2 511 
Heart rate (beats/min) 124 + 8 125 + 4 
Paco; (mm Hg) 40.6 + 1.3 22.3 + 2.28 
Pao, (mm Hg) 150 + 9 165 + 24 
pH 7.29 + 0.06 7.49 + 0.0% 
Bicarbonate (mEq/L) 19.4 + 2.4 16.8 + 1.67 
Hemoglobin (g/dl) 12.6 + 0.7 12.6 + 0.8 
Temperature (nasopharyngeal, °C) 36.7 + 0.2 36.7 + 0.2 


All values are mean + SD. 
n= 6. 


Abbreviations: CVR, cerebral vascular resistance; CBF, cerebral blood flow; Pssoz, sagittal sinus blood oxygen tension; MAP, mean arterial pressure. 


‘Significant differences from hypotension and normocapnia, P < 0.05, 


Table 5. Effect of Hypocapnia on Variables during Sodium Nitroprusside-Induced Hypotension in Group 2 


Normotension/normocapnia 


Variables (condition 3) 

Cerebral 

CVR (mm Hg-ml~?-min~1-100 g~t) 1.46 + 0.22 

CBF (mi-min~*-100 g7?) 75.0: 2 10.5 

Psso, (mm Hg) 44+ 6 
Systemic 

MAP (mm Hg) 110 + 15 

Heart rate (beats/min) 112 + 20 

Paco, (mm Hg) 39.6 + 2.2 

Pao; (mm Hg) 158 + 19 


pH 7.27 + 0.05 


Bicarbonate (mEq/L) 18.3 + 2.1 
Hemoglobin (g/dl) 12.4 + 0.9 
Temperature (nasopharyngeal, °C) 36.9 + 0.2 


\ 
All values are mean + SD. 


n= 6, 


Hypotension/normocapnia 
(condition 4) 


Hypotension/hypocapnia 
(condition 5) 


0.95 + 0.157 0.99 + 0.17 
52.6 + 8.9 50.5 + 7.3 
46 +6 40 + 4! 
50 + 1° 50 =-1 
132 + 14 133 + 14 
39.8 + 2.2 17 S47" 
149 + 16 162 + 16 
7.27 + 0.04 7.45 + 0.05% 
18.7 + 1.9 15.9 + 2.08 
12.3 + 0.8 12.1 + 0.7 
36.8 + 0.2 36.8 + 0.2 


Abbreviations: CVR, cerebral vascular resistance; CBF, cerebral blood flow; Psso, sagittal sinus blood oxygen tension; MAP, mean arterial pressure. 


‘Significant difference from normotension and normocapnia, P < 0.05. 
Significant difference from hypotension and normocapnia, P < 0.05. 


case of CBV, hypocapnia should exert a beneficial 
effect. During isoflurane-induced hypotension, hy- 
pocapnia may be used to reduce brain mass, thus 
decreasing intracranial pressure when the skull is 
closed, and improving brain compliance and surgical 
- exposure when the skull is opened. 

In contrast, the effect of hypocapnia on CBF may 
be potentially hazardous. Michenfelder and col- 
leagues found that deterioration of cerebral metabo- 
lism resulted when animals were hyperventilated 
during both anemia (23) or focal ischemia (24). It was 
suggested that hypocapnia-induced decrease of CBF 
may aggravate already existing reduced oxygen/ 
substrate delivery. Eklöf et al. reported that lowering 


CBF by carotid artery ligation during hypotension to 
an MAP of 70 mm Hg caused a deterioration of cere- 
bral metabolism in rats that was not observed with 
either carotid artery ligation or hypotension alone 
(25-27). These results raise the concern that hypo- 
capnia-induced decrease of CBF during isoflurane- 
induced hypotension may similarly disturb cerebral 
metabolism, indicating that the potential for brain tis- 
sue injury exists. However, in no instances in the 
present study did CBF or PssO2 decrease to values 
previously reported as “critical,” namely, a decrease 
in CBF to less than 50% of control (25) or to an absolute 
value of 18-24 ml-100 g~14-min~! (28,29), or a decrease 
in PssOz to less than 17-25 mm Hg (23,26). Although 
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it is reassuring that CBF or Psso, did not decrease to 
critical values with hypocapnia during isoflurane-in- 
duced hypotension, it should be noted that the pres- 
ent model measures global CBF (primarily cortical) 
(12,13). Thus the possibility remains that hypocapnia 
during isoflurane-induced hypotension may result in 
areas of focal ischemia. 

The reason(s) for preservation of CO, responsive- 
ness during isoflurane-induced hypotension, but not 
during hypotension induced by other techniques, is 
not clear. Isoflurane is reported to be a relatively weak 
dilator of cerebral vessels (30,31). Assuming that the 
direct effect of induced hypotension on cerebral ves- 
sels is responsible for controlling cerebral vascular 
tone, isoflurane may cause hypotension without fully 
dilating cerebral vessels, thereby leaving the cerebral 
vessels reactive to Paco, change. On the other hand, 
if reflex cerebral vasodilation secondary to hypoten- 
sion is the primary factor controlling cerebral vascular 
tone, isoflurane may oppose that reflex, thereby leav- 
ing cerebral vessels incompletely dilated and thus re- 
active to Paco, change. A third possibility is that iso- 
flurane enhances the mechanism of cerebral reactivity 
to changes in Paco, allowing hypocapnia-induced 
vasoconstriction to override the cerebral vasodilation 
that occurs with hypotension. Consistent with this 
mechanism is the report by Drummond and Todd that 
the responsiveness of cerebral vessels to changes in 
Paco, was enhanced in cats anesthetized with iso- 
flurane compared with the responsiveness in cats un- 
der halothane anesthesia or nitrous oxide sedation (7). 
Further investigation is needed to determine the means 
by which isoflurane influences CO, responsiveness 
of cerebral vessels. 

The present study was designed to eliminate the 
possibility that the degree of CO, responsiveness in 
group 1 during isoflurane-induced hypotension was 
altered because the surgical preparation deteriorated 
after 2 hr or because 30-min hypocapnia at normal 
MAP changed subsequent CO, responsiveness due 
to adaptation of brain extracellular fluid pH. Thus in 
group 2 CO, responsiveness during isoflurane-in- 
duced hypotension was measured as soon as systemic 
and cerebral variables stabilized after surgical prep- 
aration and without prior testing for CO, responsive- 
ness at normal MAP: The observation in group 2 of 
partial preservation of the cerebral vascular response 
to hypocapnia during isoflurane-induced hypoten- 
sion confirms the results in group 1 and suggests that 
these results were not influenced by the duration of 
the study or by the earlier exposure to hypocapnia 
and normotension. The observation in group 2 of ab- 
sent cerebral vascular response to hypocapnia during 
sodium nitroprusside-induced hypotension demon- 
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strates that when hypotension is produced and little 
isoflurane is present, CO, responsiveness is abol- 
ished. These results are consistent with an earlier re- 
port that sodium nitroprusside-induced hypotension ` 
to an MAP of 50 mm Hg abolished the cerebral vas- 
cular response to hypocapnia:'in dogs anesthetized 
with halothane, 0.2% (end-tidal concentration) (1). 

The present study was designed so that dogs in 
group 1 were tested for CO; responsiveness at normal 
MAP before testing for CO, responsiveness during 
hypotension. That hypocapnia increased CVR by 82% 
and decreased CBF by 43% at normal MAP is con- 
sistent with previous studies and suggests both that 
the cerebral vasculature in these dogs was normally 
reactive to CO, and that the present surgical prepa- 
ration was suitable to measure those responses (1,2,17). 
Also observed in the present study was a decrease of 
CVR in all dogs when MAP was lowered to 50 mm 
Hg, which suggests that the present experimental 
preparation preserved normal cerebral vasodilatory 
responses to hypotension as well as CO; responsive- 
ness. Decrease of CBF in the presence of an MAP of 
50 mm Hg suggests that this level of MAP was below 
the lower limit of autoregulation of CBF for dogs. This 
observation is in agreement with determinations of 
the lower limit of autoregulation of CBF for dogs dur- 
ing normocapnia (32-34). 

In summary, the present results suggest that cere- 
bral vascular responsiveness to hypocapnia is par- 
tially preserved during isoflurane-induced hypoten- 
sion. A beneficial effect on CBV may accrue, so that 
hypocapnia might be useful for decreasing brain mass 
during isoflurane-induced hypotension. On the other 
hand, a deleterious effect may occur if a hypocapnia- 
induced decrease of CBF causes ischemia. Further 
studies are needed to examine the mechanism(s) by 
which isoflurane influences cerebrovascular CO, re- 
sponsiveness to changes in Paco, and to assess the 
impact on brain integrity of hypocapnia during iso- 
flurane-induced hypotension. 
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Endotracheal Tube Leak Pressure and 


Tracheal Lumen Size in Swine 


David A. Finholt, MD, Steven M. Audenaert, MD, Joseph A. Stirt, MD, 
Kenneth L. Marcella, DvM, Henry F. Frierson Jr, MD, Larry T. Suddarth, and 


Russell C. Raphaely, MD 


FINHOLT DA, AUDENAERT SM, STIRT JA, 
MARCELLA KL, FRIERSON HF jr, SUDDARTH LT, 
RAPHAELY RC. Endotracheal tube leak pressure and 
tracheal lumen size in swine. Anesth Analg 
1986;65:667—71. 
Endotracheal tube “leak” is often estimated in children to 
judge the fit of uncuffed endotracheal tubes within the tra- 
chea. Twenty-five swine were intubated with uncuffed tra- 
cheal tubes to determine whether a more sensitive mea- 
surement of leaks could be devised and whether leak pressure 
estimates fit between tracheal tube and trachea. We com- 
pared leak pressure measurement using a stethoscope and 
aneroid manometer with a technique using a microphone, 


The narrowest portion of a child’s airway is at the 
cricoid ring (1). The thin mucosal and submucosal 
layers surrounded by a rigid ring make this region 
particularly susceptible to ischemic injury from en- 
dotracheal tube compression. 

Uncuffed endotracheal tubes are commonly used 
in children in an attempt to decrease the potential for 
pressure-induced ischemic injury. However, un- 
cuffed tubes may increase the potential for aspiration 
and lead to erratic delivery of preset tidal volume 
during mechanical ventilation. Furthermore pressure- 
induced tracheal injury is still possible if tight-fitting, 
uncuffed tubes are used (2—4). Thus a variety of for- 
mulas and techniques have been used in an attempt 
to find the endotracheal tube size that minimizes both 
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pressure transducer, and recorder, and found no differences 
between the two methods. The tracheas were then removed 
and slides prepared of tracheal cross-sectional specimens. 
Regression analysts revealed a jinear relationship between 
tracheal lumen size and tracheal tube size for both low leak 
pressure (y = —0.4 + 0.79x, r = 0.88, P < 0.05) and 
high leak pressure (y = —2.9 + 0.71x, r = 0.92, P < 
0.05) groups. We conclude tha! leak testing with a steth- 
oscope and aneroid manometer is sensitive and accurate, 
and that tracheal tube leak pressure accurately portrays fit 
between tube and trachea. 


Key Words: INTUBATION—+tracheal. EQUIPMENT, 
TUBES—tracheal. 


pressure-induced tracheal injury and aspiration po- 
tential or variable ventilation (5-9). 

One such technique is the leak test. In its simplest 
form, the leak test involves connecting a ventilation 
bag to the endotracheal tube, compressing the bag, 
and listening for an audible escape of air (leak) around 
the tracheal tube and out of the mouth. To quantify 
the leak test, a pressure manometer may be added to 
the ventilation circuit and a stethoscope placed over 
the trachea to detect air leak. Leak pressure is defined 
as the airway pressure needed to generate an audible 
escape of gas from between the tracheal tube and 
trachea. An intuitive assumption then follows: high 
leak pressures indicate tight-fitting tracheal tubes and 
low leak pressures, loose-fitting tubes. 

We undertook this study for two purposes: 1) to 
determine whether a more sensitive, precise, non- 
invasive method could be devised to measure leak 
pressure, and 2) to determine whether leak pressure 
predicts fit between endatracheal tube and trachea. 


Methods and Materials 


We divided the study into two phases. In phase 1, 
leak pressure detection, we sedated 25 swine (1.1-7.5 
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kg) with ketamine, 10 mg/kg intramuscularly, and 
attached a force transducer (Grass model FT-10) to a 
hind foot to monitor twitch tension in response to a 
supramaximal peroneal nerve stimulation of 0.15-msec 
duration at 0.15 Hz, delivered via two 25-gauge sub- 
cutaneously placed needles. A strip chart recorder 
(Gould 220 series) run at 5 mm/min was used to record 
the force-transducer measurements. We then admin- 
istered thiamylal, 4 mg/kg, and pancuronium, 1 mg/kg 
intravenously. When twitch height decreased to less 
than 5% of control, the pigs were intubated, with the 
endotracheal tube placed 3 cm past the easily detect- 
able cricoid ring. The swine were ventilated with 100% 
O- using a modified Mapleson D breathing circuit and 
placed supine in a U-shaped harness to ensure con- 
sistent head position. We used two methods simul- 
taneously for leak pressure measurement (Fig. 1). In 
the standard method, tracheal air leak was detected 
with a stethoscope placed gently over the trachea, 
while airway pressure was monitored with an aneroid 
manometer connected to the breathing circuit with 
low compliance tubing. In the alternate method, tra- 
cheal air leak was detected with a high impedance, 
insulated microphone (Realistic 33-1056A) placed over 
the trachea, while airway pressure was monitored 
with a differential pressure transducer (Validyne M145- 
1-87) and carrier demodulator (Validyne CD15-871, 
0-1 kHz) connected to the breathing circuit with low 
compliance tubing. Microphone and transducer sig- 
nals were amplified (Hewlett-Packard 8821A medium 
gain amplifier, 0-15 kHz) and recorded simulta- 
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Figure 1. Schematic of experimental setup. Pigs were 
placed supine with the head and neck in a U-shaped 
harness (not shown) to ensure consistent head position. 


Aneroid Manometer 


Airway 
Pressure 
(cm H,O) 


Microphone 
Signal 





Leak 


Figure 2. Sample recording from the alternate technique (micro- 
phone/transducer/recorder) for leak pressure measurement. The 
leak pressure is that pressure at which the microphone signal in- 
tercepts the airway pressure curve. 


neously (Hewlett-Packard 7700 thermal recording 
system with model 356-100CW recorder). Once the 
aneroid manometer (Bourdon type pressure gauge) 
and strip chart recorder were calibrated, fresh gas 
flow was set at 5 L/min, the pressure-relief valve on 
the breathing circuit was closed, and recording was 
begun. One examiner recorded the leak pressure by 
noting the aneroid manometer pressure at which the 
first audible air leak was heard with the stethoscope. 
A second examiner ensured that the microphone sig- 
nal gave a steady baseline and that airway pressure 
and leak pressure were adequately recorded (Fig. 2). 
Measurements were done in triplicate and averaged. 
The animals were then reintubated, when possible, 
with progressively larger tracheal tubes until we ob- 
tained a series of tracheal tubes giving leak pressures 


TRACHEAL TUBE LEAK AND TRACHEAL SIZE 


Table 1. Comparison of Standard (Stethoscope/ 
Manometer) with Alternate (Microphone/Transducer/ 
Recorder) Methods of Leak Pressure Measurement 


Leak pressure measurement’ 


Leak pressure Standard Alternate 
subgroup n method method 
Low pressure 22 13.2 + 0.5 12.5 + 0.6 
High pressure 20 31:6 Æ- 12 31.3 + 1.4 
All measurements 42 21.9 + 1.8 21.5 + 1.9 


All measurements express mean + SEM. 
tem H0O 


from less than 10 cm H20 to greater than 60 cm H2O 
in each animal. Because of variability in tracheal size 
and configuration, we were able to intubate some pigs 
(9 total) with only one tube and some pigs with as 
many as three tubes (2 total) before leak pressure 
‘exceeded 60 cm H20. Twitch height remained less 
than 5% of control during the entire experiment. At 
the conclusion of our measurements, the strip chart 
recordings were reviewed to determine leak pressure 
as measured by the alternate method. 

In phase 2, tracheal lumen size was measured. At 
the conclusion of leak pressure measurement, all 25 
swine, as well as 6 unintubated control swine, were 
sacrificed, and the tracheas were removed and pre- 
served in 10% formalin. After 72 hr of fixation, sec- 
tions of the tracheas were obtained 2 cm distal to the 
cricoid ring and stained with hematoxylin and eosin. 
A pathologist, naive to the experiment, measured 
anterior—posterior and lateral tracheal lumen diame- 
ters using an oculomicrometer. Tracheal lumen areas 
were estimated using a standard formula for an ellipse: 
area = 7(AB)/4. Control and experimental tracheas 
were graded (0, none to mild; 1, moderate to severe) 
for edema and cellular infiltration. One pig was re- 
moved from the study because of artifactual destruction 
of the tracheal specimen during slide preparation. 


Analysis of Data 


For phase 1, to determine whether there was a dif- 
ference in leak pressure measurement as measured 
by the two methods, we used a paired t-test to com- 
pare data for all measurements. In addition, to de- 
termine whether magnitude of leak pressure affected 
the sensitivity of leak detection, we compared data 
for two leak pressure subgroups: low leak pressure 
(10-19 cm H2O) and high leak pressure (20-60 cm 
H20). 

For phase 2, differences in edema and cellular in- 
filtration were assessed by Fisher's exact test to com- 
pare control (nonintubated) and experimental (intu- 
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Figure 3. Graph depicting the relationship between tracheal lumen 
area (LA) and tracheal tube cross-sectional area (TA). The regres- 
sion equation for the low leak pressure group is LA = ~—0.4 + 
0.79 (TA), r = 0.88, and for the high leak pressure group is LA = 
—2.9 + 0.71 (TA), r = 0.92. 


bated) tracheas, and to compare tracheas intubated 
twice or less with those intubated more than twice. 
The data were again divided into two groups, low 
leak pressure (10-19 cm H,O) and high leak pressure 
(20-60 cm H,O), as determined using our standard 
method of leak pressure detection. We used regres- 
sion analysis to assess the relationship between tra- 
cheal lumen area and endotracheal tube size for each 
leak pressure group. To test for differences between 
leak pressure groups, we performed an analysis of 
covariance. The dependent variable was tracheal lu- 
men area and the covariant was tracheal tube cross- 
sectional area. In phase 1 and phase 2 we considered 
differences statistically significant if P < 0.05. 


Results 


Data from phase 1 is given in Table 1, which compares 
leak pressures as obtained by the standard (stetho- 
scope/manometer) method and the alternate (micro- 
phone/transducer/recorder) method. No significant 
difference was found between the methods across all 
measurements, and at low or high leak pressures. 
Data from phase 2 showed no difference between 
control and experimental tracheas when reviewed for 
edema and cellular infiltration. We also detected no 
difference in those animals intubated twice or less 
with those intubated more than two times. 
Regression analysis demonstrated the significant 
linear relationship between tracheal lumen area and 
tracheal tube size for both the low leak pressure (y = 
—0.4 + 0.79x, r = 0.88) and high leak pressure groups 
(y = —2:9 + 0.71x, r = 0.92) (Fig. 3). Analysis of 
covariance revealed the regression lines for the two 


670 ANESTH ANALG 
1986;65:667—71 


groups are significantly different, but have nearly 
identical slopes. 


Discussion 


Traditionally, an uncuffed endotracheal tube is said 
to be the correct size for a child if “a little leak” is 
heard with positive pressure ventilation (4). Patient 
conditions under which leak testing is done, method 
of leak detection, and estimation of degree of leak 
have remained nebulous. 

A previous study demonstrated the need for con- 
sistent head position and stable degree of neuromus- 
cular blockade in developing a more rigorous protocol 
for leak pressure measurement (10). To ensure con- 
sistent head position, we used a harness, holding 
each pig’s head in an identical neutral position. Stable 
neuromuscular blockade was maintained by admin- 
istering a supramaximal dose of pancuronium, re- 
sulting in > 95% twitch height depression throughout 
the experiments. 

In the first phase of this study, we had no difficulty 
detecting leak around the tracheal tube with either 
detection method. As demonstrated in Figure 2, an 
accurate and reproducible recording of leak pressure 
can be made using the alternate method. However, 
we found no differences in measurement. Thus the 
alternate method, a highly sensitive technique for leak 
detection and precise measurement of airway pres- 
sure, confirmed the accuracy and utility of using a 
stethoscope and aneroid manometer for leak testing. 

After verifying the accuracy of our standard method 
of leak testing, we investigated the assumption, that 
leak pressure gives an estimate of fit between tracheal 
tube and trachea. In phase 2 we confirmed this as- 
sumption by demonstrating a linear relationship be- 
tween tracheal lumen size and tracheal tube size for 
a given leak pressure (Fig. 3). Thus in two pigs with 
identical leak pressures, the pig intubated with a larger 
endotracheal tube naturally has the larger tracheal 
lumen. Conversely, the regression lines in Figure 3 
show that in two pigs intubated with a 5.5-mm inner 
diameter tracheal tube, the pig with a leak pressure 
less than 20 cm H,O will have a larger tracheal lumen 
area (approximately 33 mm?) than the pig with a leak 
pressure of 40 cm H,O (approximately 27 mm’). And, 
since the slopes of these lines are not significantly 
different, this relationship will hold true regardless 
of tracheal tube size. 

_ This phenomenon suggests the clinical utility of 
leak testing. For example, one may intubate a child 
with croup and measure initial leak pressure at 40 cm 
H,O. Two days later, with the same endotracheal tube 
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in place, leak testing reveals a leak pressure of 20 cm 
H20. If both measurements were done under the same 
testing conditions, one can assume that tracheal lu- 
men size has increased and that extubation may be 
safely accomplished. Conversely, if a long-term in- 
tubation patient develops increasing leak pressures, 
and therefore decreasing lumen size, concern must 
arise regarding development of tracheal edema. 

Is it legitimate to apply this concept in children 
when we obtained the data in swine? We believe so. 
The cricoid ring is not the narrowest portion of a pig’s 
airway. The pig cricoid ring is elliptical, with a long 
anterior—posterior diameter and narrow lateral di- 
ameter. Sealing the trachea with an uncuffed endo- 
tracheal tube, as one does in a child, is not feasible 
in this region. Thus we chose a region of the pig 
trachea 2-3 cm below the cricoid ring that maintains 
a relatively constant cylindrical shape and diameter. 
Due to a sharp anterior turn of the posterior portion 
of the cricoid cartilage, we could detect the cricoid 
region easily during intubation, which enabled us to 
place the tube tip quite precisely 3 cm past the cricoid 
cartilage. Sections taken 2 cm distal to the cartilage 
represented the area where air escaped from the tube 
tip and Murphy eye. Although preservation with 10% 
formalin may alter tracheal tissue dimensions, each 
trachea would be affected similarly. Thus the linear 
relationshp between tube size and trachea size should 
not be changed by preservation. Therefore we think 
our study adequately mimicked the anatomic consid- 
erations of performing a leak test in a child. 

In summary, we have shown that tracheal tube leak 
pressure can be measured accurately using a simple 
stethoscope/aneroid manometer system. We have also 
demonstrated that leak pressure testing, when done 
under controlled conditions, gives an excellent indi- 
cation of fit between tracheal tube and trachea. Thus 
leak testing provides objective evidence of differences 
in tracheal lumen size and may be of direct clinical 
benefit. 


References 


1. Eckenhoff JE. Some anatomic considerations of the infant lar- 
ynx influencing endotracheal anesthesia. Anesthesiology 
1951;12:401-10. 


2. Koka BV, Jeon IS, Andre JM, MacKay I, Smith RM. Postintu- 
bation croup in children. Anesth Analg 1977;56:501-5. 

3. Allen TH, Steven IM. Prolonged nasotracheal intubation in 
infants and children. Br ] Anaesth 1972;44:835-9. 


4. Stocks JG. Prolonged intubation and subglottic stenosis. Br 
Med J 1966;2:1199-200. 


TRACHEAL TUBE LEAK AND TRACHEAL SIZE 


. Penlington GN. Endotrachkeal tube sizes for children. Anaes- 
thesia 1974;29:494—5. 


. Cole F. Pediatric formulas for the anesthesiologist. Am J Dis 
Child 1957;94:672-3. 


. Chodoff P, Helrich M. Factors affecting pediatric endotracheal 
tube size: a statistical analysis. Anesthesiology 1967;28:779-82. 


. Markham WG, Blackwood MJA, Conn AW. Prolonged naso- 


10. 


ANESTH ANALG 671 
1986;65:667-71 


tracheal intubation in infants and children. Can Anaesth Soc J 
1967;14:11-21. 


. Keep PJ, Manford MLM. Endotracheal tube sizes for children. 


Anaesthesia 1974;29:181-5. 


Finholt DA, Henry DB, Raphaely RC. Factors affecting leak 
around tracheal tubes in children. Can Anaesth Soc J 
1985;32:326-9. 


672 ANESTH ANALG - 
1986;65:672—4 


Technical Communication 


The Partial Pressure of Isoflurane or Halothane Does Not Affect 


Their Solubility in Blood: 


Inhaled Anesthetics Obey Henry’s Law 


Cara M. Coburn and Edmond I. Eger 1, MD 


Using nuclear magnetic resonance, Wyrwicz et al. 
studied the washin and elimination of halothane and 
isoflurane in the brains of rabbits (1,2). They found 
that the rate of cerebral elimination of halothane was 
slower than the rate previously determined (3), and 
was also slower than the rate that would be predicted 
from data on solubility and cerebral blood flow (4). 

One explanation for the finding of Wyrwicz et al. 
is that the solubility (solvent/gas partition coefficient) 
of halothane and isoflurane in blood is higher than 
that reported (5-7). Most studies of solubility have 
applied partial pressures at approximately 1 MAC. 
Such studies may underestimate solubility if saturable 
binding sites are present at the lower partial pressures 
that exist during the elimination of anesthetics. The 
presence of binding sites in blood and muscle has 
been demonstrated for xenon (8) and cyclopropane 
(9,10). If there are binding sites in blood for halothane 
and isoflurane, anesthetic solubility might be rela- 
tively greater at the lower partial pressures obtained 
during elimination. We have tested this possibility in 
the present report. 


Methods 


With the approval of the University of California 
Committee on Human Research, we obtained 30 ml 
of venous blood from 17 fasting patients immediately 


This work was supported in part by grant POL AG 03104 and 
by the Anesthesia Research Foundation. 

Received from the Department of Anesthesia, University of Cal- 
ifornia, San Francisco, San Francisco, California. Accepted for pub- 
lication December 30, 1985. 

Address correspondence to Dr. Eger, Department of Anes- 
thesia, 513 Parnassus Avenue, Room 1386 HSE, University of Cal- 
ifornia, San Francisco, San Francisco, CA 94143. 


© 1986 by the International Anesthesia Research Society 


before anesthesia. The blood from each patient was 
divided into two equal samples, one of which was 
equilibrated with a partial pressure of isoflurane or 
halothane at approximately 1 MAC, the other with a 
partial pressure of approximately 0.01 MAC. The same 
anesthetic was used for both samples drawn from a 
given patient. All solubilities were measured at 37°C, 
using a technique previously applied in our laboratory 
(6,11). The solubilities of these agents were also de- 
termined in normal saline at similar partial pressures. 

The reader is referred to the above-mentioned re- 
ports for details of the method for measuring solu- 
bilities. Briefly, the method consists of tonometry of 
anesthetic between gas and solvent (e.g., blood) phases, 
and measurement (using gas chromatography) of the 
concentration of anesthetic in the gas phase. An ali- 
quot of the solvent is transferred anaerobically to a 
large, closed flask and the anesthetic extracted into 
the gas phase of the flask. The anesthetic concentra- 
tion in this gas phase is analyzed and the concentra- 
tion originally present in the solvent phase deter- 
mined from that concentration and the volumes of 
the gas and solvent phases. A small correction for the 
anesthetic retained by the solvent is included in this 
calculation. The partition coefficient equals the con- 
centration in the solvent phase divided by the con- 
centration in the gas phase at the end of the tonometry. 

We compared the results at high vs low concen- 
trations of both agents using both paired and un- 
paired t-tests. Unpaired tests were applied to the re- 
sults for saline. Unpaired tests also were used to analyze 
the results for the total data for blood solubility of 
isoflurane because solubility determinations were not 
obtained at both the high and low concentrations for 
every pair of samples (occasional samples were lost 
during analysis). Paired analysis was performed for 
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Table 1. Partition Coefficients for Isoflurane and Halothane at 1 MAC and 0.01 MAC 


Saline 


High concentration 


Low concentration 


Blood 


High concentration Low concentration 


Isoflurane 
n 8 8 10 3 
Concentration (vol %) 1.10 + 0.04 0.0118 + 0.0004 1.01 + 0.04 0.0111 + 0.0004 
Hemoglobin (g/dl) _ — 13.8 + 1.9 
Partition coefficient 0.54 + 0.02 0.53 + 0.03 1.51 + 0.09 1.56 + 0.08 
Halothane 
n 8 6 9 9 
Concentration (vol %) 0.60 + 0.15 0.0057 + 0.0018 0.50 + 0.09 0.0052 + 0.003 
Hemoglobin (g/dl) s — 13.8 + 1.9 — 
Partition coefficient 0.54 + 0.02 0.53 + 0.03 1.51 + 0.09 1.56 + 0.08 


All values are mean + SD. 


the samples for which both determinations were com- 
pleted. We considered P < 0.05 statistically signifi- 
cant. All values obtained were mean + SD. 


Results 


We found no significant difference in the solubility of 
halothane or isoflurane in blood or saline at high and 
low partial pressures (Table 1). 


Discussion 


The values we obtained for solubility in normal saline 
are comparable to those determined by others, al- 
though ours averaged slightly lower. Our value of 
0.54 + 0.02 for isoflurane at a partial pressure asso- 
ciated with 1 MAC did not differ from the value of 
0.55 + 0.04 obtained by Renzi and Waud in Krebs 
solution (12), and was only slightly lower than that 
of 0.59 + 0.01 found by Lerman et al. in saline (11). 
Similarly, our value of 0.77 + 0.04 for halothane in 
saline compared well with data found by Lerman et 
al. and Renzi and Waud—0.83 + 0.02 and 0.75 + 
0.08, respectively (11,12). 

The values determined for solubility in blood are 
slightly greater than, but within the range of, values 
obtained by others (5-7). Our value for isoflurane, 
1.51 + 0.09, is close to those reported by Cromwell 
et al. (5) and Eger et al. (6), 1.43 + 0.02 and 1.46 + 
0.09, respectively. Similarly, our value for halothane, 
2.62 + 0.27, is consistent with the value of 2.50 + 
0.13 found by Cowles et al. (7) and with the value of 
2.54 + 0.18 determined by Eger et al. (6). 

Over the range (at approximately 0.01-1 MAC) of 
anesthetic partial pressures studied in blood, we found 
no evidence of saturable binding sites. We conclude 
that Henry’s law is followed in this range of partial 


pressures. If binding sites exist, they must be satur- 
able at much higher or lower partial pressures, or be 
too few in number to be detected by our analyses. 
We did not test the effect of partial pressures that 
produce deep levels of anesthesia, and thus it is pos- 
sible that at such levels Henry’s law would not be 
followed. 

Our results do not explain the finding of Wyrwicz 
et al. of prolonged retention of isoflurane and halo- 
thane in rabbit brains. Perhaps saturable sites for these 
anesthetics exist in rabbit blood but not in human 
blood. Alternatively, the explanation for their data 
may be the presence of saturable binding sites in the 
brain. A third possibility is that there are variations 
in solubility within the brain, and Wyrwicz et al. were 
measuring washout from a part of the brain with a 
high affinity for anesthetic. Similarly, there may be 
areas of low perfusion that produce prolonged time 
constants. Finally, the nuclear magnetic resonance 
measurements made by Wyrwicz et al. may not ac- 
curately reflect events in the brain. For example, they 
may make no distinction between the brain and the 
tissues overlying it. Anesthetic elimination from these 
tissues may have a long time constant. 

Previous data have shown an initial rapid elimi- 
nation of isoflurane and halothane from the lung. The 
alveolar rate of washout is consistent with the mag- 
nitude of the partition coefficients we and others have 
obtained at anesthetizing concentrations (4,5). In ad- 
dition, because we found no significant difference in 
the solubilities of isoflurane and halothane at high vs 
low concentrations, we expect a linear, semiloga- 
rithmic terminal elimination curve, which would also 
be consistent with previous reports. 


Halothane (Fluothane) for this study was donated by Ayerst Lab- 
oratories. Isoflurane (Forane) was given by Anaquest. 
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Induced Hypotension for Clipping of a Cerebral Aneurysm 


during Pregnancy: 
A Case Report and Brief Review 


Barry Newman, MBChB, FFARCS, and Arthur M. Lam, MD, FRCP(C) 


The anesthetic management of pregnant patients 
undergoing craniotomy for clipping of cerebral an- 
eurysms can present the anesthetist with many clin- 
ical dilemmas, one of which is the role of induced 
hypotension and the choice of hypotensive agents. 
We report here the successful management of a case 
of cerebral aneurysm clipping in late pregnancy, where 
hypotension was induced and maintained with deep 
isoflurane anesthesia. 


Case Report 


A 27-year-old hypertensive woman, gravida 1, para 
1, presented in her thirty-fourth week of pregnancy 
with a history of sudden onset of headache while 
vomiting. Subsequent investigation revealed a basilar 
artery aneurysm. She was admitted for elective clip- 
ping of the aneurysm. Preoperatively her blood pres- 
sure was controlled with methyldopa, 500 mg/day. 
Clinical and laboratory investigation revealed no ab- 
normalities. Fetal heart rate and movements were 
normal. 

The night before surgery the patient received ci- 
metidine, 300 mg orally, and fasted overnight. Two 
hours before surgery was scheduled, an intravenous 
infusion was commenced, and the patient received 
300 mg of cimetidine and 10 mg of metoclopramide 
intravenously. 

Prior to induction of anesthesia, the patient was 
placed in a left 15° tilt position, the fetal heart rate 
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was continously monitored with a Doppler ultra- 
sound monitor, and the patient was preoxygenated 
for 4 min. Fentanyl, 150 yg, lidocaine, 100 mg, thio- 
pental, 375 mg, and succinylcholine, 120 mg, were 
given intravenously. Cricoid pressure was immedi- 
ately applied and released after tracheal intubation 
and inflation of the tracheal tube cuff. Before induc- 
tion, the systolic arterial pressure was 160 mm Hg; 1 
min after intubation, it was 140 mm Hg. Subsequent 
neuromuscular blockade was maintained with a total 
of 14 mg of pancuronium, and anesthesia was main- 
tained with 1.0% isoflurane and nitrous oxide in 50% 
oxygen. 

Monitoring included an arterial and a central ve- 
nous catheter, an electrocardiogram, a rectal temper- 
ature probe, and a Doppler ultrasound fetal heart 
monitor. Arterial gas tensions were measured inter- 
mittently. The Pao, was above 100 mm Hg at all times, 
and the minute ventilation was adjusted to maintain 
the Paco, between 30 and 35 mm Hg. A catheter was 
inserted into the lumbar subarachnoid space for in- 
traoperative cerebrospinal fluid drainage, and the pa- 
tient was placed in the left lateral position. 

During dissection and clipping of the aneurysm, 
blood pressure was reduced by increasing the in- 
spired isoflurane concentration to between 1.5 and 
2.0%. The response was immediate, and arterial pres- 
sure was maintained between 50 and 70 mm Hg for 
40 min and the lowest mean pressure of 50 mm Hg 
(65/42 systolic/diastolic) was held for 15 min during 
application of the clip. At all other times mean arterial 
pressure was maintained between 80 and 105 mm Hg. 
An arterial blood sample drawn for gas chro- 
matographic analysis at the end of hypotension re- 
vealed the arterial isoflurane concentration to be 
equivalent to an alveolar concentration of 1.2% (1). 
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Figure 1. Fetal heart rate monitoring during the surgical procedure. Note absence of fetal heart rate changes during isoflurane-induced 


hypotension. 


On induction of anesthesia, fetal cardiac beat-to- 
beat variation was immediately lost and did not return 
until 15 min after the patient had regained conscious- 
ness. Throughout the operation, the fetal heart rate 
remained between 130 and 140 beats/min. There was 
no change during the hypotensive period (Fig. 1). 

Postoperatively the patient made a rapid and un- 
eventful recovery. The fetal heart rate was monitored 
for 36 hr and no significant changes were detected. 
The patient was discharged from the hospital on the 
fifth postoperative day and was admitted to another 
center in spontaneous labour 3 weeks later. At 5 cm 
of cervical dilatation, an abrupt fetal bradycardia was 
detected. With the patient under general anesthesia, 
an emergency cesarean section was performed and a 
prolapse of the cord was found. The 3.5-kg infant that 
was delivered had a 1-min Apgar score of 5 and a 5- 
min score of 9. The mother tolerated the anesthetic 
well, made a normal postoperative recovery, and was 
discharged with her healthy infant. 


Discussion 


The incidence of subarachnoid hemorrhage caused by 
rupture of cerebral aneurysms is not influenced by 
pregnancy (2). Several recent reports have described 
the anesthetic management of cesarean section im- 


mediately followed by clipping of a cerebral aneurysm 
under the same general anesthetic (3-5). However, 
the ideal management of cerebral aneurysms that 
present during pregnancy is elective surgical occlu- 
sion followed by spontaneous vaginal delivery, if pos- 
sible (6). As these aneurysms most frequently present 
in the third trimester of pregnancy (6), the anesthetist 
is faced with all the potential problems of general 
anesthesia in late pregnancy as well as the special 
problems associated with neurovascular surgery. The 
benefits of drugs and techniques normally used for 
neurosurgical procedures must be balanced against 
potential risks to the fetus and the mother. 

Both before and at induction of anesthesia, mea- 
sures must be taken to prevent aspiration of gastric 
contents, and also to prevent the hypertensive re- 
sponse to intubation, which may precipitate a sub- 
arachnoid hemorrhage. A rapid-sequence induction 
with preoxygenation, thiopental, succinylcholine, and 
cricoid pressure will serve the former requirement, 
but not the latter. However, a more gradual induc- 
tion, including spontaneous or controlled ventilation 
with a face mask, may result in gastric aspiration. Our 
patient received cimetidine and metoclopramide pre- 
operatively to reduce the volume and increase the pH 
of the gastric contents, and a rapid-sequence induc- 
tion, including fentanyl and lidocaine, was used. This 
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method prevented aspiration of gastric contents while 
obtunding the sympathetic response to intubation. 

Recording the fetal heartbeat or ECG is currently 
the only practical way of monitoring fetal well-being 
during anesthesia. Loss of beat-to-beat variation may 
be an early sign of asphyxia, but may also be caused 
by a variety of central nervous system depressants, 
such as barbiturates and volatile anesthetics. In view 
of the latter possibility, loss of beat-to-beat variation 
on induction of anesthesia was anticipated in this case 
and not interpreted as a sign of fetal hypoxemia (7). 
The fetal heart rate was used as a guide throughout 
the anesthetic to monitor fetal well-being and partic- 
ularly to determine the safe level of induced hypo- 
tension. Had the fetus developed tachycardia or 
bradycardia, the surgeons would have been informed 
and the blood pressure immediately increased. 

Controlled hypotension is routinely employed to 
facilitate aneurysm clipping, and its use in pregnancy 
has been recommended (6). However, which hypo- 
tensive agent is best is far from clear, and, despite 
three reports on the use of sodium nitroprusside in 
the management of aneurysm surgery in pregnant 
patients (8-10), its use in pregnancy remains contro- 
versial (11). Evidence from animal studies as to whether 
sodium nitroprusside crosses the placenta readily is 
contradictory, perhaps because of species differences 
(11). One study in ewes suggested that acidosis and 
cyanide accumulation occurs to a greater degree in 
the fetus than in the mother (12). The fetus has less 
thiosulphate substrate for rhodanase detoxification of 
cyanide than the adult and may be particularly vul- 
nerable to the development of cyanide toxicity from 
sodium nitroprusside infusion (12). Moreover, the use 
of sodium nitroprusside is almost always accompa- 
nied by tachycardia, which may necessitate the 
administration of B-blocking drugs. When given to 
pregnant women, £-blockers are associated with a 
wide variety of fetal and neonatal disturbances, such 
as bradycardia and hypoglycemia (13). 

Trimethaphan has also been used for hypotension 
during pregnancy. However, the fact that trimetha- 
phan causes reduction in both cardiac output and 
cerebral blood flow makes it an unsuitable agent for 
this purpose (14). 

Isoflurane induces easily controlled and reversible 
hypotension associated with peripheral vasodilation 
and with little effect on cardiac output (15), pulmo- 
nary gas exchange (16) and cerebral blood flow in 
neurosurgical patients (17). Isoflurane is also a potent 
depressor of cerebral oxygen consumption, and this 
favorably influences the cerebral oxygen supply/ 
demand balance during hypotension (17). At 1.5 MAC, 
isoflurane has no effect on uterine blood flow, fetal 
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base excess, or fetal oxygenation despite a reduction — 
in maternal blood pressure (18). In nonpregnant pa- 
tients, the arterial isoflurane concentration required 
for induction of hypotension is approximately 1.8% 
(alveolar equivalent) (15). In our patient, the arterial 
isoflurane concentration at the end of the hypotensive 
period was 1.2%, possibly reflecting the reduced re- 
quirements for inhaled anesthetics during pregnancy 
(19). The general characteristics of isoflurane and the 
experience of this case suggests that isoflurane may 
be particularly well-suited for the induction of hy- 
potension in pregnant patients. 

Regarding the use of osmotic diuretics, in pregnant 


. rabbits given 12.5 gm/kg mannitol, bulk flow of so- 


lution from the fetal to the maternal extracellular space 
has been demonstrated (20). In humans, the admin- 
istration of 200 gm of mannitol to the mother shortly 
before delivery alters volume and concentration of 
solutes in the fetus, including an increase in total 
osmotic pressure (21). However, in the doses used in 
clinical practice (0.5-1.0 gm/kg), mannitol is unlikely 
to cause prolonged or severe fluid or electrolyte dis- 
turbances in the fetus. In the case reported here, sur- 
gical conditions did not require further brain volume 
reduction for adequate exposure. Had it been nec- 
essary, mannitol 0.5-1.0 gm/kg would have been 
infused. 

Maternal hyperventilation with marked hypocap- 
nia may reduce placental perfusion by depression of 
cardiac output (22) and by direct placental vasocon- 
striction (23). The induced alkalosis may also reduce 
maternal hemoglobin oxygen unloading by a left shift 
of the oxygen dissociation curve (22). Excessive hy- 
perventilation should therefore be avoided in this 
clinical setting, particularly during induced hypoten- 
sion. For these reasons we maintained maternal Paco, 
above 30 mm Hg. 

In summary, we report the successful anesthetic 
management of a pregnant patient in the third trimes- 
ter undergoing cerebral aneurysm clipping during 
isoflurane-induced hypotension. On the basis of this 
case and a review of the literature we recommend the 
following: 


The danger of aortocaval compression should be 
recognized and appropriate positioning used at 
all times. 


The induction of anesthesia in these patients should 
be designed to prevent pulmonary aspiration, 
as well as the reflex hypertension associated with 
tracheal intubation. 


Initiation of fetal heart monitoring should be done 
prior to induction and maintained thereafter 
throughout the procedure. 
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Although induced hypotension may be safely em- 
ployed in pregnant patients, the level of hypo- 
tension should be guided by the fetal heart rate. 
Isoflurane may be superior to sodium nitro- 
prusside for this purpose. 


If required, moderate doses of mannitol should be 
used to facilitate surgery. 


Extreme hyperventilation should be avoided, par- 
ticularly during hypotension. 


The authors thank Dr. Charles Drake for his advice and Ms. Carol 


Slottke and Ms. Lil Nolan for secretarial assistance. 
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The Effect of High Frequency Positive Pressure Ventilation on > 
Right and Left Ventricular Function a 


J. Biondi, MD, R. Hines, MD, T. Rafferty, MD, P. Rogol, MD, W. Scott, MD, and 


P. Barash, MD 


Intermittent positive pressure ventilation (IPPV) with 
positive end expiratory pressure (PEEP) can cause 
hemodynamic dysfunction and limit tissue oxygen 
transport (O2T). Studies suggest that this heart-lung 
interaction is a direct effect of elevated mean airway 
pressure which causes decreased venous return (1), 
increased right ventricular afterload (pulmonary 
vascular resistance) (2), decreased biventricular end 
diastolic volumes (3), altered cardiac geometry (4), 
altered ventricular interdependence (leftward dis- 
placement of the ventricular septum) (5), and de- 
creased contractility (6). Alternatively, high frequency 
positive pressure ventilation (HFPPV) has been rec- 
ommended for use in mechanically ventilated patients 
with profound respiratory phasic depression of car- 
diac function. By minimizing convective gas flow in 
the lung, HFPPV maintains alveolar oxygenation and 
functional residual capacity (FRC), at subambient 
transthoracic pressures, and is reported to preserve 
hemodynamic function {7). Experimental studies in 
control and acute lung injured animals have verified 
these physiologic effects, but the clinical data corro- 
borating these results are limited. 

This case report details the effect of HFPPV, as 
driving pressure (DP) is increased over a range of 
20-50 psi, on right and left ventricular performance, 
using standard hemodynamic and thermal ejection 
fraction techniques. These data suggest that cardiac 
function declines linearly as driving pressure in- 
creases during HFPPV, and that in conditions of acute 
lung injury requiring DP >30 psi, HFPPV affords no 
cardiorespiratory advantage over IPPV. 
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Case Report 


A 68-yr-old male was admitted to Yale~-New.-Haven 
Hospital for elective coronary revascularization. Six 
weeks prior to admission he sustained an acute in- 
ferior wall myocardial infarction associated with a peak 
creatine kinase elevation of 640 units (normal 0-63 
units) that was complicated by post-infarct angina. 
Cardiac catheterization revealed angiographically sig- 
nificant triple vessel disease (100% right coronary ar- 
tery occlusion, 95% left anterior descending occlu- 
sion, and 90% left circumflex artery occlusion). The 
left ventriculogram showed inferobasilar akinesis, good 
anteroapical wall motion, and a left ventricular ejec- 
tion fraction of 30% (normal 55% + 10). Medications 
included metoprolol, 50 mg, twice daily and sublin- 
gual nitroglycerin as necessary for his anginal symp- 
toms. The patient also had a history of chronic ob- 
structive pulmonary and aortoocclusive disease. 
Physical examination revealed an elderly male in 
no acute distress. Vital signs were stable: blood pres- 
sure 130/70 mm Hg, heart rate (HR) 64 beats/min, 


respiratory frequency 14 breaths/min, temperature... 


36.5°C, and body surface area 1.89 m?. Pertinent phys- 
ical findings included an increased anterior—posterior 
diameter of the thorax and expiratory wheezing. Car- 
diac examination revealed a normal S, and S, and a 
soft, but audible third heart sound. The apical im- 
pulse was displaced laterally. Distal pulses were 
normal, and the remainder of the examination was 
unremarkable. 

Pertinent preoperative data included, at an Fio, of 
0.21, an arterial pH of 7.40, a Pao, of 68 mm Hg, a 
Paco, of 37 mm Hg, an oxygen saturation of 93%, 
and a HCO; of 22.6 mEq/L. Pulmonary function stud- 
ies showed a 1-sec forced expiratory volume (FEV;) 
of 1.89 L (normal 3.34 L), a forced vital capacity (FVC) 
of 3.81 L (normal 4.75 L) and an FEV,/FVC ratio of 
50% (normal 70%). The maximal mid-expiratory flow 
rate was 0.63 L/sec (normal 0.75 L/sec). PA and lateral 
chest roentgenograms were notable for bilateral upper 
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Table 1. Hemodynamic Data during HFPPV and during IPPV 


Ventilation Rate PEEP 
Event mode (F/min) Flo, (cm H20) 

Induction IPPV 10 1.0 0 
Post CPB IPPV 10 1.0 0 
Postop 12 hr IPPV 10 1.0 0 
Postop 15 hr  IPPV 10 1.0 20 
Postop 16 hr IPPV 10 1.0 25 
Postop 17 hr HFPPV 140 1.0 10 
Postop 19 hr HFPPV 140 0.7 10 
Postop 22 hr HFPPV 140 0.6 10 

HFPPV 140 0.6 10 


Postop 23 hr 


CLINICAL REPORTS 
DP AP HR MAP RAP 
(mm Hg) (mm Hg) (beats/min) (mm Hg) (mm Hg) 
— 32 p 64 88 6 
— 46 p 85 75 10 
= 52 p 115 68 8 
— 60 p 110 62 11 
— 67 p 113 57 13 
25 18 m 121 80 12 
30 24 m 117 76 11 
35 30 m 105 71 is 
40 38 m 100 68 14 


Abbreviations: HFPPV, high frequency positive pressure ventilation; IPPV, intermittent positive pressure ventilation; PEEP, positive end-expiratory 
pressure; DP, driving pressure; AP, airway pressure; HR, heart rate; MAP, mean arterial blood pressure; RAP, right atrial pressure; PCWP, pulmonary 
capillary wedge pressure; CI, cardiac index; RVEF, right ventricular ejection fraction; RVSWI, right ventricular stroke work index; LVSWI, left ventricular 
stroke work index; O2TI, tissue oxygen trarisport index; PAPM, mean pulmonary artery pressure; Q,/Q,, shunt fraction, A-aQ , alveolar-arterial oxygen 


difference. 


lobe lucencies with bullae, flattened diaphragms, bi- 
basilar atelectasis, and chronic interstitial fibrosis. An 
electrocardiogram showed an old inferior wall infarct 
and a right bundle branch block pattern. 

After premedication and placement of radial and 
pulmonary artery catheters, anesthesia was induced 
with fentanyl (75 ug/kg) followed by pancuronium 
(0.1 mg/kg). Baseline hemodynamic measurements 
were as follows: HR 65 beats/min, mean arterial blood 
pressure (MAP) 80 mm Hg, right atrial pressure (RAP) 
6mm Hg, pulmonary artery pressure (PAP) 28/18 mm 
Hg, pulmonary capillary wedge pressure (PCWP) 16 
mm Hg, and cardiac output (CO) 4.5 L/min. Venti- 
lation was maintained via an endotracheal tube using 
ari Fio, of 1.0 and a tidal volume of 12 ml/kg to main- 
tain a normal pH, the pH being 7.42, the Paco, 38 
mm Hg, and the Pao, 347 mm Hg. Initiation of car- 
diopulmonary bypass (CPB) was uneventful, and a 
three-vessel aorto-coronary bypass grafting operation 
was performed without difficulty. The patient was 
weaned from CPB and stabilized with intravenous 
epinephrine (0.1 wg-kg~ min ~’) and nitroglycerin (2 
pg-kg~'-min~'). Post-CPB arterial blood gases on an 
Fio, of 1.0 were pH 7.32, Paco, 36 mm Hg, Pao, 280 
mm Hg, Sat 99.9%, and HCO; 21 mEq/L. Hemody- 
namic measurements were HR 85 beats/min, MAP 75 
mm Hg, RAP 10 mm Hg, PAP 30/12 mm Hg, PCWP 
12 mm Hg, and CO 3.8 L/min. 

Postoperatively the patient’s course was compli- 
cated by increasing arterial hypoxemia. Intermittent 
mandatory and controlled ventilation with PEEP (5-20 
cm H20) were unsuccessful in improving arterial ox- 
ygenation. Further, higher levels of PEEP associated 
with peak inspiratory pressures of 70-80 cm HO 
produced hemodynamic instability. High frequency 
positive pressure ventilation was, therefore, insti- 
tuted using a Healthdyne Model 303 Impulse venti- 


lator. Inspired gas was delivered via a 1.62 mm x 8.3 
cm steel cannula inserted into a 15-mm adaptor con- 
nected to the end of the endotracheal tube. High flow 
jet gas was humidified using 15-30 ml/hr of 0.45 nor- 
mal saline, and the entrained gas source was hurnid- 
ified and heated (T 36°C). Ventilator settings, includ- 
ing a respiratory rate of 140 cycles/min and an 
inspiratory/expiratory ratio of 0.3, were held constant. 
Driving pressure (DP) was varied over a range of 15-40 
psi, and Fio, (mean 0.7) was altered as necessary to 
maintain Pao, at 60-80 mm Hg. PEEP was kept con- 
stant at 10 cm H,O. Hemodynamic data (Table 1) were 
recorded and CO and right ventricular ejection frac- 
tion (RVEF) were calculated from diastolic washout 
plateaus obtained from a rapid response thermistor 
swan—Ganz catheter (8). These data are considered 
in detail in the discussion. ; 

HFPPV was continued for 72 hr during which the 
patient's alveolar gas exchange and ventilatory me- 
chanics steadily improved. Chest radiographs before 
and after HFPPV showed progressive bibasilar lung 
expansion. Fiberoptic bronchoscopy was performed 
every 24 hr to assess airway hydration. IPPV was 
resumed as oxygenation and hemodynamic perform- 
ance reached optimal levels. Mechanical ventilatory 
support was gradually decreased over a 10-14 day 
period. The patient was discharged from the hospital 
in satisfactory condition on the 40th postoperative 
day. 


Discussion 
Theoretical considerations of HFPPV focus on the use 
of small tidal volumes (Vr < dead space) at high fre- 
quencies to achieve ventilation without circulatory 
depression or pulmonary barotrauma. 

At low driving pressures (10-25 psi), low volume 
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Table 1. (continued) 


PAPM PCWP CI RVEF RVSWI 
(mm Hg) (mm Hg) (L-emin™*m~?) (%) (gmin m7?) 
22 16 2.41 -< 8 
18 12 2.01 ~ 2 
22 14 2.59 29 6 
25 16 2.23 24 5 
31 17 1.67 18 3 
26 18 5.20 36 8 
30 15 3.20 29 7 
35 19 2.80 24 7 
42 22 2.43 21 9 


mPAP vs DP/ PEEP 


MEAN PULMONARY ARTERY PRESSURE 





lO 20 30 40 50 
DRIVING PRESSURE (DP)/ PEEP 


Figure 1. Mean pulmonary artery pressure increases linearly as a 
function of driving pressure. 


(3-5 ml/kg) and high frequency (>75 beats/min) ven- 
tilation results in low peak and mean airway pres- 
sures. At low transpulmonary and transthoracic pres- 
sures, right and left ventricular preload remains normal 
and pulmonary vascular resistance is not elevated. 
Oxygen transport (O2T) remains normal and may be 
improved in the absence of cyclical decreases in car- 
diac output (9). Improvements in arterial oxygenation 
stem from more homogenous alveolar gas mixing 
throughout the lung zones 1-3 and the subsequent 
conversion of low ventilation/perfusion (V/Q) sub-units 
to more normal states. Further oxygen transport, at 
the level of the alveolar capillary membrane, may be 
facilitated by augmented molecular diffusion. Studies 
have suggested that among patients with significant 
V/Q imbalance, 65-80% benefit by these mechanisms 
from the institution of HFPPV (7). 

At high driving pressures (25-50 psi), HFPPV may 
similarly facilitate oxygenation in patients with acute 
lung injury. High critical opening airway pressures 
and significant right to left intrapulmonary shunting 
(Q./Q,), however, require positive pressure mechan- 
ical ventilation at high FRC. During HFPPV, minute 
ventilation is a direct function of DP with jet gas flow 
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LVSWI Pao, O-TI QQ. A-a0z 
(gmin` m~?) (mm Hg)  (mi-min7'm7~?) (%) (mm Hg) 

37 347 705 18 328 

21 280 473 24 398 

15 50 511 56 618 

13 58 469 53 607 

10 61 338 51 601 

41 96 1169 33 572 

22 71 707 29 388 

20 69 613 28 319 

16 73 542 25 314 

RV=F vs mPAP 


(RVEF) 





IO 20 30 40 50 
MEAN PULMONARY ARTERY PRESSURE (mPAP) 


RIGHT VENTRICULAR EJECTION FRACTION 


Figure 2. Right ventricular ejection fraction decreases linearly as a 
function of driving pressure. 


and total lung volume increasing in a linear relation- 
ship (10). As DP increases so too does airway pres- 
sure. This translates into increased right ventricular 
afterload as pulmonary capillaries are mechanically 
compressed at increased lung volumes. In our patient 
mean pulmonary artery pressure (PAPM) increased 
as a linear function of DP (Fig. 1). Right ventricular 
function as determined by thermal RVEF further de- 
teriorated with increased DP (right ventricular after- 
load) (Fig. 2). Cardiac index, which improved dra- 
matically from 1.67 L-min7!.m~? to 5.2 L-min~4m~? 
with the institution of HFPPV at DP 25 psi, decreased 
with both HFPPV and IPPV as mean airway pressure 
increased in the absence of concurrent intervention 
or changes in right and left ventricular preload. This 
initial marked improvement in cardiac index probably 
represented a rebound effect related to both the cen- 
tral redistribution of blood volume and the decrease 
in PVRI, which followed the decrease in airway pres- 
sure during this transition. 

This case study supports the utility of HFPPV when 
gas exchange is accomplished at low driving pres- 
sures that can maintain transthoracic and transpul- 
monary pressures at subambient levels. During these 
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conditions HFPPV may maintain cardiovascular sta- 
bility and minimize the risk of pulmonary baro- 
trauma. At high driving pressures, however, cardiac 
function deteriorates with increased right ventricular 
afterload, and this parallels the hemodynamic effects 
seen with IPPV. We suggest that HFPPV may afford 
no greater hemodynamic stability than conventional 
IPPV in conditions of acute lung injury in which high 
pressure, HFPPV is necessary to maintain FRC and 
adequate alveolar ventilation. 
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Controlled Hypotension for Orthognathic Surgery 


Glenn A. Fromme, MD, Ronald A. MacKenzie, po, Allan B. Gould Jr, MD, 
Bruce A. Lund, DDs, and Kenneth P. Offord, MS 


Hypotensive anesthesia has three potential benefits: 
1) reduced blood loss with a consequent reduction in 
risks associated with blood transfusion; 2) improved 
quality (dryness) of the operative field, potentially 
allowing more accurate dissection and improved sur- 
gical results; and 3) reduced operative time. For the 
most part, studies of hypotensive anesthesia have 
shown a reduced blood loss that has been statistically 
significant (1-3). Nonetheless, the clinical importance 
of a small but statistically significant reduction in blood 
loss remains controversial when weighed against the 
added possible risk and expense of inducing hypo- 
tension. Reductions in operative time have also been 
statistically significant in some (2,4), but not all stud- 
ies (3,5). 

Improvement of the quality of the operative field 
has been studied less extensively. Several authors have 
concluded that the quality of the operative field is 
improved, but give little objective evidence to support 
this conclusion (4,6). One report claims that postop- 
erative swelling was reduced and the quality of sur- 
gical results was improved based on subjective an- 
ecdotal observations without matched controls (4). A 
few studies do suggest some measurable improve- 
ment in the surgical field. Grundy et al. (5) reported 
on 24 patients undergoing Harrington rod operations, 
13 of which were performed with controlled hypo- 
tension. The surgeons were able to identify correctly 
whether or not controlled hypotension was employed 
in 20 out of the 24 cases. 

Chan et al. (7) reported on 21 patients undergoing 
orthognathic procedures, 11 of which were performed 
with controlled hypotension to a mean arterial pres- 
sure of 70 mm Hg. At the end of each case, the sur- 
geons rated the quality of the surgical field on a scale 
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of 1-3. The authors were unable to demonstrate any 
statistically significant differences between the control 
and experimental groups in measured blood loss, 
quality of the surgical field, or operative time. How- 
ever, these authors did find statistically significant 
differences if they redefined their experimental group 
as patients whose mean blood pressure intraopera- 
tively was less than 80% of the mean blood pressure 
recorded on the hospital chart. In addition, no men- 
tion was made as to whether the surgeons were blinded 
to the anesthetic technique used. 

Our study was designed to determine whether in- 
duction of hypotension alone resulted in a statistically 
significant difference in the surgeon’s observation of 
the dryness of the operative field if the surgeon was 
effectively blinded from the anesthetic technique used. 


Methods 


We studied 56 ASA class I patients requiring orthog- 
nathic surgery. All operations involved multiple os- 
teotomies with repositioning of bony segments in both 
mandible and maxilla. The study was approved by 
the institution’s human studies committee and all pa- 
tients gave informed consent. Anesthesia was in- 
duced with 4-6 mg/kg sodium thiopental. All patients 
were pretreated with metocurine, 2 mg, and received 
1.5 mg/kg succinylcholine to facilitate nasotracheal in- 
tubation. Patients received intravenous fluids con- 
sisting of lactated Ringer’s with 5% dextrose at stan- 
dard maintenance rates. A radial artery catheter was 
inserted to measure blood pressure continuously and 
to monitor arterial blood gas tensions. Patients were 
mechanically ventilated to maintain Paco, between 
35 and 45 mm Hg and a Pao, above 100 mm Hg. For 
the operation, patients were placed in the supine po- 
sition with a 15° head elevation. All operations were 
performed by the same surgeon. Patients were ran- 
domly assigned to three groups. Group 1 patients 
were anesthetized with enflurane and 66% nitrous 
oxide in oxygen, and were kept normotensive (MAP 
90-100 mm Hg). Group 2 patients received morphine 
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Table 1. Surgeons’ Scale for Quality of Surgical Field 


5 -— Massive uncontrollable bleeding 

4 — Bleeding, heavy but controllable, that significantly interfered 
with dissection 

3 — Moderate bleeding that moderately compromised surgical 
dissection 

2 — Moderate bleeding, a nuisance but without interference 
with accurate dissection 

1 —- Bleeding, so mild it was not even a surgical nuisance 

0 — No bleeding, virtually bloodless field 


sulphate intravenously in 2-4 mg increments up to 
24 mg, plus 66% nitrous oxide in oxygen as well as 
enflurane in a concentration sufficient to maintain MAP 
in the 75-85 mm Hg range. Group 3 patients received 
enflurane, 66% nitrous oxide in oxygen, and an in- 
travenous infusion of sodium nitroprusside sufficient 
to maintain MAP at 55-60 mm Hg. The surgical team 
was blinded regarding which technique was in use 
and was asked to evaluate the dryness of the surgical 
field at half-hour intervals based on a numerical scale 
of 0-5 (Table 1). The values were averaged for each 
patient and the means + sD for each group were 
compared using analysis of variance, t-test, and the 
Wilcoxon rank sum test. Blood loss was determined 
using volumetric and gravimetric methods. These data 
were also examined by the same statistical analyses. 


Results 


There were no statistically significant differences be- 
tween the groups with respect to age, height, weight, 
duration of surgery, or amount of transfusions (Table 
2). The mean quality of the surgical field (+sD) was 
1.89 + 0.52, 1.92 + 0.30, and 1.90 + 0.37 for groups 
1, 2, and 3, respectively (Table 3). The differences 
were not statistically significant. Mean measure 
blood loss was 965.28 + 530.97, 800.71 + 270.86, and 
827.62 + 350.48 for groups 1, 2, and 3, respectively 
(Table 4). Differences here were also not statistically 
significant. The duration of hypotension induced 
with nitroprusside in this study averaged 6.55 + 
1.78 hr. No complications resulted from anesthesia 
or induced hypotension in any of the groups. 


Discussion 


The amount of blood lost during a surgical procedure 
depends on many factors. Traditionally, arterial blood 
pressure has been regarded as one of the most im- 
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portant of these, but many researchers question this 
assumption. 

Most anesthesiologists and surgeons believe that 
reducing blood pressure reduces blood loss. Such a 
reduction has been shown to be true for many op- 
erations (1-3), and has been assumed to be true for 
others. But can this assumption truly be made? We 
feel it is unsafe to assume that the response of all 
vascular beds to hypotension and surgical trauma is 
identical, because it is well known that blood flow to 
each tissue is governed by neural, hormonal, and local 
factors (8). The few studies reported in the field of 
orthognathic surgery have been poorly done and 
inconclusive. 

Another unresolved issue is just how much of a 
saving in blood loss is necessary to justify the risk 
and expense of inducing hypotension. The same 
question exists with respect to improvements in the 
surgical field. A drier field resulting from induced 
hypotension may allow more accurate dissection and 
better surgical results (for example, in plastic opera- 
tions). In addition, morbidity may be reduced by less- 
ening the risk of unintentional surgical trauma to 
structures that should be avoided, such as certain 
vessels and nerve roots. Unfortunately, all of these 
factors are difficult to measure objectively. 

In orthognathic surgery, multiple osteotomies are 
made in the maxilla and mandible, permitting repo- 
sitioning of segments to correct asymmetric alignment 
of the teeth and to ameliorate facial proportions. Be- 
cause calculations are made and osteotomies per- 
formed based on careful measurements, it is easy to 
envision how a dry field can help. If a clinically sig- 
nificant difference exists, surgeons ought to be able 
to recognize it from the appearance of the field. 

In this study, the surgeons were not informed which 
technique was in use or what the blood pressure was. 
Their unbiased evaluations of the surgical field dem- 
onstrated no significant differences between the three 
groups (Fig. 1). Similarly, our results show no sig- 
nificant differences in measured blood loss. However, 
a close look at the data (Fig. 2) reveals three patients 
in group 1 in whom measured blood loss was greater 
than in any patient in the other groups. 

This greater blood loss may be due to chance, or 
these patients may represent a subset of patients who, 
because of differences in vascular reactivity, have a 
tendency to bleed excessively. We can speculate that 
the reason these outlying values are not seen in groups 
2 and 3 is that in the hypotensive groups this type of 
patient has responded to the reduction in blood pres- 
sure and blended in with the rest of the group. Be- 
cause these patients are such a small percentage in 
the study population, they do not change the mean 
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Table 2. Patient Characteristics Compared across the Three Treatment Groups 


Group 1 (enflurane 
only; MAP 90-100 


mm Hg; n = 18) 
Age (yr) 21.52 3.9 
Height (cm) 169.9 + 8.3 
Weight (kg) 63.4 + 11.2 
Duration of Surgery (hr) ` 7.8 + 1.6 
Number of Transfusions 0.8 + 1.0 
Percent without Transfusions 44.4 + 11.7 


Group 2 (enflurane plus 
morphine; MAP 75-85 
mm Hg; n = 17) 


Group 3 (enflurane plus 
nitroprusside; MAP 55-60 
mm Hg; n = 21) 


29.4 + 9.0 23.5 + 4.4 
167.5 + 9.3 167.1 + 9.6 
65.2 + 9.4 65.1 + 10.7 
7.6. 1:2 TO R AL 
0.5 + 0.7 0.4 + 0.7 
35.3 + 11.6 33.3 + 10.3 


All values are mean + sp. No statistically significant differences were detected by analysis of variance or Wilcoxon rank sum tests. P < 0.05 was considered 


significant. 


Table 3. Quality of the Surgical Field as Assessed by the 
Surgical Team 


Mean + SD Low High Significance 
Group 1 1.89 + 0.52 1.11 2.88 N.S." 
Group 2 1.92 + 0.30 1.37 2.53 N.S.* 
Group 3 1.90. + 0.37 1.17 2.58 N.S.4 


N:S., not significantly different from other groups by t-test, analysis of 
variance, and Wilcoxon rank sum test. 


Table 4. Measured Blood Loss 


Low High 
Mean + sD (ml) (ml) (ml) Significance 
Group1 965.28 + 530.97 292 2100 NS” 
Group 2 800.71 + 270.86 397 1260 NS? 
Group 3 827.62 + 350.48 293 1478 NS? 


‘NS, Not significantly different from other two groups by t-test, analysis 
of variance, and Wilcoxon rank sum test. 


blood loss for the group enough to render group 1 
significantly different from either of the two hypo- 
tensive groups. In terms of blood loss, only these few 
patients in this study group would actually benefit 
from induced hypotension, which does not support 
its routine use but could rationalize use of induced 
hypotension for that particular patient who appears 
to bleed excessively. 

Differences in vascular reactivity could also explain 
why our results differ from those of others (2). We 
have speculated that such differences might exist even 
in a fairly homogenous (young and healthy) popu- 
lation, such as the one we studied. The percentage 
of patients exhibiting this phenomenon may be much 
larger in certain populations, such as elderly patients 
who undergo toial hip arthroplasty, and statistically 
significant differences might be more likely to occur. 

Surprisingly, we found only a modest correlation 
between the quality of the surgical field and the mea- 
sured blood loss {r = 0.21), with a great deal of scatter 
(Fig. 3). In other words, there were patients who had 
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Figure 1. Scattergram showing average quality of surgical field for 
each group as assessed by the surgical team. Horizontal dash rep- 
resents mean value for group. Asterisk represents median value 
for group. Vertical line represents standard deviation. 


a large blood loss but good quality of the surgical field 
as well as patients with a small blood loss and poor 
quality of the surgical field. We feel these results argue 
against previous claims that an improvement in the 
quality of the surgical field necessarily follows from 
a statistically significant reduction in measured blood 
loss. Thus, whereas our data for measured blood loss 
suggest a rare patient who might benefit from induced 
hypotension, our data on quality of the surgical field 
do not. 

In conclusion, although nitroprusside can be safely 
used in healthy patients to induce hypotension to a 
MAP of 55-60 mm Hg for up to 7 hr, our data do not 
support the routine use of this technique in orthog- 
nathic surgery. 
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Figure 2. Scattergram showing measured blood loss for each group. 
Horizontal dash represents mean value for group. Asterisk rep- 
resents median value for group. Vertical line represents standard 
deviation. 
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Figure 3. Graph showing relationship between measured blood 
loss per unit of time and quality of the surgical field. 
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Local and Spinal Anesthesia for Cesarean Section in a Patient with 


Myotonic Dystrophy 


Doris K. Cope, MD, and John N. Miller, MD 


Myotonic dystrophy is the most common adult form 
of muscular dystrophy. However, unlike other mus- 
cular dystrophies, it is accompanied by myotonia, a 
delayed relaxation of muscles after contraction, and 
by widespread, multisystem pathology. Classical fea- 
tures of the disease include myopathic facies; dysar- 
thria; presenile cataracts; wasting and weakness of 
facial, sternocleidomastoid and distal limb muscles; 
frontal baldness; and primary gonadal atrophy (1,2,3). 

Although ovarian atrophy is a common feature of 
the disease, the data concerning associated infertility 
are conflicting (3,4,5). However, exacerbation of 
symptoms during pregnancy is common and has been 
linked to increases in progesterone levels (4,6). Be- 
cause myotonic dystrophy affects smooth muscle as 
well as cardiac and skeletal muscle, it is not unusual 
to find an increased incidence of uterine inertia, re- 
tained placenta, and postpartum hemorrhage. Other 
obstetrical complications can include polyhydrami- 
nos, premature onset of labor, breech presentation, 
and ineffective uterine contractions in labor that often 
necessitate cesarean section (1-8). 

Complications of inhalation anesthesia, muscle re- 
laxation, and regional anesthesia have been reported 
in parturients with myotonic dystrophy. However, 
we found no case reports describing the effects of 
spinal anesthesia combined with local anesthetic ap- 
plied directly on the uterine muscle during cesarean 
section. This case report describes some complications 
of delivery by cesarean section in a myotonic partu- 
rient and suggests an alternative to general anesthesia 
in such cases. 
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Case Report 


A 24-yr-old gravida 2, para 1 was admitted to the 
hospital in labor with spontaneous rupture of mem- 
branes at 36 weeks gestation as determined by ultra- 
sound and dates. Her earlier pregnancy was charac- 
terized by premature labor, breech presentation, and 
poor progression of labor. Cesarean section under 
general anesthesia had been performed with no re- 
cord of complications except the need for a postpar- 
tum blood transfusion. At birth her first child was 
found to have club feet and clinical signs and symp- 
toms resulting in the diagnosis of myotonic dystrophy 
for both mother and child at that time. Family history 
confirmed the diagnosis (Fig. 1). In contrast, the sec- 
ond pregnancy was complicated by severe exacer- 
bations of myotonia and weakness. On admission, 
she was in labor with a poor quality of uterine 
contractions. 

Physical examination revealed a woman with a flat, 
sad-looking face due to facial arthralgia (Fig. 2) and 
weak and atrophic masseter, temporalis, and distal 
limb muscles (Fig. 3). She also exhibited dysarthria, 
delayed decontracture of her grip, and percussion 
myotonia of thenar and forearm muscles. Electro- 
cardiography showed a first degree heart block, but 
no other abnormalities of rate or rhythm. 

The patient was brought to the operating room in 
active labor with cervical dilation of 3 cm. No pre- 
operative medication was given. After intravenous 
volume loading with 800 ml Ringer’s lactate solution, 
spinal anesthesia was induced with 14 mg tetracaine 
in divided doses (8 + 6 mg) injected in the L3-4 
interspace, with resulting anesthesia to T5 bilaterally. 
Twenty min later a viable female infant was delivered 
with Apgar scores of 5 at 1 min and 8 at 5 min. Ox- 
ytocin infusion (30 units/L) was begun immediately. 
A densely adherent placenta was found in the anterior 
lower uterine segment, requiring manual extraction. 
During placental extraction severe uterine contrac- 
tions began, followed by waves of relaxation accom- 
panied by hypotension (systolic blood pressure 75 
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Figure 1. Affected members of the parturient’s family. show the 
strong genetic predisposition to myotonic dystrophy. However, 
diagnosis was not established in our patient until after the birth of 
her first child. Symbols: W, male carrier; @, female carrier; O, 
unaffectd female; ©, 2 siblings of undetermined sex. 


torr), which responded to a small dose of ephedrine 
(10 mg intravenously). 

_ Spinal anesthesia to T5 bilaterally was effective for 
incision and delivery. However, during and after pla- 
cental extraction, the patient complained of severe 
pain coincident with alternating uterine contractions 
and relaxation accompanied by a brisk increase in 
bleeding: (375 ml over 2-3 min). These uncoordinated 
cycles of uterine spasm/atony failed to respond to 
uterine massage or oxytoxics. 

We suggested that direct application of local an- 
esthetic to cut muscle bundles might influence local 
uterine muscular activity, and on this basis the sur- 
geons topically applied 30 ml of 0.5% bupivacaine 
over the cut surface of the myometrum where con- 
tractions were most severe. 

Uterine contractions decreased in ea almost 
immediately, and at 5 min all cycles of aberrant spasms 
followed by atony ceased. Bleeding stopped, and the 
surgeons proceeded to complete the uterine repair 
and bilateral tubal ligation without further compli- 
cations. The patient continued to be hemodynami- 
cally stable with no episodes of hypotension or myo- 
cardial conduction defects. Neither were there central 
nervous system symptoms suggestive of toxicity from 
the 150 mg of topical bupivacaine. 

Approximately 2 hr after delivery, there was a de- 
crease in systolic blood pressure to 80 torr, with a 
pulse of 94, again accompanied by uncoordinated 
waves of uterine relaxation and spasm (dystonia). A 
300-ml vaginal loss of blood was noted. These symp- 
toms abated with manual uterine massage, mether- 
gine (0.2 mg. intravenously), and prostaglandins 
(Prostin 15 M, 0.25 mg intramuscularly), but a de- 
crease in hematocrit ensued from 32.3% preopera- 
tively to 21.6%. Transfusion of four units of packed 
red blood cells restored the hematocrit, and the pa- 
tient remained hemodynamically stable postop- 
eratively. 
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Discussion 


The obstetrical complications of myotonic muscular 
dystrophy commonly reported and seen in our pa- 
tient include premature onset of labor, abnormal pro- 
gression of labor, uterine atony, and postpartum 
hemorrhage. In addition, unlike this patient’s first 
pregnancy, uterine muscle contractures during this 
gestation were severe enough to cause her to visit the 
emergency room several times. She also experienced 
severe intermittent weakness, which made any 
household work impossible. Prior to her first preg- 
nancy she had experienced only mild episodes of 
weakness and myotonia and during that pregnancy 
had only minimal exacerbation of her symptoms. Past 
reports confirm the deleterious effect of pregnancy on 
the symptoms of myotonic dystrophy (4,6). 

General anesthesia in patients with myotonic dys- 
trophy is often associated with severe cardiovascular 
and respiratory complications; exaggerated responses 
to barbiturates, narcotics, halothane, and diazepam; 
myotonic contractions after depolarizing muscle re- 
laxants; inability to handle secretions; prolonged post- 
operative tracheal intubation; and bradycardia that is . 
unresponsive to atropine (8-12). There are reported 
cases of severe laryngeal spasm on induction with 
death ensuing. Regional anesthesia has been rec- 


ommended, but incomplete motor block and shiver- 


ing sufficient to stimulate myotonic contractures have 
been reported with epidural anesthesia (13,14). In the 
one report of spinal anesthesia for cesarean section, 
severe postpartum hemorrhage necessitated an emer- 
gency hysterectomy after refractory uterine atony (8). 
In these patients, dystonia results from abnormal 
calcium metabolism at the cellular level in which the 
Ca** ATPase system fails to return to Ca?* to the 
sarcoplasmic reticulum. Unsequestered Ca?* then re- 
mains available for activating contraction, and results 
in continued spasm and counterspasm in the muscle 
tissue (7,8,15). Therefore, neither general anesthesia, 
anesthesia at the spinal nerve level, nor paralysis of 
neuromuscular transmission will suppress this ab- 
normal muscle activity. However, direct application 
of local anesthetic to the muscle membrane may be 
expected to produce a more stable membrane. In- 
deed, Wheeler and James (16) reported local appli- 
cations of 0.5% bupivacaine for a laparoscopic tubal 
ligation without systemic or muscle complications. 
In our case we combined spinal anesthesia with 
the topical application of bupivacaine to the uterus to 
achieve block at both the spinal nerve level and the 
muscle itself. We are uncertain whether the uterine 
atony that developed in the recovery room was sec- 
ondary to the wearing off of bupivacaine or was an 
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Figure 2. The patient's face is characteristic 
of myotonic dystrophy with atrophic facial 
musculature, resulting in gaunt facies and 
ptosis. Sternocleidomastoid and shoulder 
musculature also are affected. 


Figure 3. Distal atrophy of left forearm and 
hand musculature. 


inevitable result of irregular calcium metabolism in 3. 
the uterine muscle. Nevertheless, the combination of 
spinal with topical local anesthesia applied directly to 4. 
the uterus may be a valid alternative approach to avoid 
a major problem associated with anesthesia in the 5 
myotonic parturient. 
6. 
eZ 
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Chloral Hydrate: 
A Potential Cause of Arrhythmias 


Irving A. Hirsch, MD, and Howard L. Zauder, MD, PhD 





Chloral hydrate and its derivatives are considered to 
be relatively nontoxic hypnotic drugs recommended 
for sedation of pediatric and geriatric patients. In ther- 
apeutic doses, blood pressure and respiration are only 
minimally affected. However, there have been reports 
of cardiac dysrhythmias after chloral hydrate poison- 
ing and toxic doses produce severe respiratory 
depression and hypotension. We now report four cases 
of supraventricular tachycardia (SVT) occurring after 
administration of chloral hydrate to children who were 
receiving vasoactive drugs after surgical correction of 
complex congenital heart disease. 


Case 1 


A 9-yr-old, 25-kg girl with complicated congenital heart 
disease presented for surgical amelioration of severe 
hypoxemia. Postoperatively, she was admitted to the 
pediatric intensive care unit and required mechanical 
ventilatory support and continued infusion of iso- 
proterenol, 0.02 ugkg~'min~', and dopamine, 8 


for sedation. Seven hours postoperatively, the patient 
developed supraventricular tachycardia (SVT) with a 
rate of 220 beats/min. This was successfully treated 
with verapamil, 0.1 mg/kg, and divided doses of dig- 
oxin (total 1 mg). The SVT recurred within 4 hr and 
responded only to propranolol. Despite normal lab- 


oratory studies, episodes of SVT persisted. The iso- 
ee) eae, A j 


and dopamine continued at 8 ug-kg 
improvement. After discontinuation of chloral hy- 
drate and continued administration of propranolol, 
SVT did not recur. Eventually the B-antagonist was 
discontinued, but although dopamine and isopro- 
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terenol were continued at the previous rates, there 
was no return of SVT. She was slowly weaned from 
inotropic support and was discharged from the 
hospital. 


Case 2 


A 30-month-old, 14.4-kg girl with Down’s syndrome 
and a Type C complete atrioventricular canal defect 
accompanied by pulmonary hypertension had sur- 
gical repair of the AV septal defect and AV com- 
missurotomy. Postoperatively, isoproterenol, 0.5 


third postoperative day, while receiving isopro- 
terenol, 0.12 yekg~'min™', and dopamine, 5 
treated with digoxin and propranolol. Dysrhythmias 
persisted for 3 days until chloral hydrate was discon- 
tinued. Inotropic agents were continued without re- 
currence of SVT. She was slowly weaned from ino- 
tropic support and had an otherwise uneventful 
hospital course. 


Case 3 


A cyanotic, 10-month-old male infant underwent 
complex intracardiac surgery. He had a stormy post- 
operative course and required prolonged ventilatory 
support. Increasing doses of chloral hydrate (up to 
second postoperative day, SVT, initially responsive 
to digoxin, developed. On the ninth postoperative 
day, persistent SVT developed, which was responsive 
only to propranolol. Arrhythmias continued for 4 days. 
On the fourteenth postoperative day, chloral hydrate 
was discontinued and dysrhythmias did not recur. 
The patient had a prolonged hospital stay due to con- 
tinued respiratory failure. 
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Case 4° 


A 5-month-old, 5.3 kg male infant with complex con- 
genital heart disease and chronic congestive heart fail- 
ure underwent repair of ventricular and atrial septal 
defects. Postoperatively, chloral hydrate, 250 mg, every 
3—4 hr (283 mg-kg~ *-day~*) was administered for se- 
dation. On the third postoperative day he developed 
SVT, which was treated with digoxin. Dysrhythmias 
ranging from SVT to bradycardia recurred through 
postoperative day 5, at which time he suffered cardiac 
arrest and was successfully resuscitated. Chloral hy- 
drate was discontinued on the eighth postoperative 
day, but bradycardia persisted and cardiac pacing was 
required. The patient had a very difficult hospital course 
but SVT did not recur. 


Discussion 


Toxic effects of chloral hydrate include central ner- 
vous system depression, hypotension, gastric irrita- 
tion, hepatic damage, and albuminuria. Depression 
of myocardial contractility and shortening of the re- 
fractory period have also been noted (1). Chloral hy- 
drate intoxication has been reported to cause cardiac 
arrhythmias (2-7). In all reported cases, ventricular 
and supraventricular arrhythmias severe enough to 
require treatment developed after administration of 
large doses of chloral hydrate. 

Marshall (4) suggested that chloral hydrate and its 
breakdown product trichloroethanol may sensitize the 
myocardium to circulating catecholamines. Large doses 
of catecholamines have been previously shown to cause 
cardiac arrhythmias in unanesthetized patients; in the 
presence of halogenated hydrocarbons there is a 
marked decrease in the dose of catecholamine re- 
quired to produce these arrhythmias (8). The f-ad- 
renergic blocking agents consistently and specifically 
abolish both these arrhythmias and those due to in- 
toxication with the halogenated hydrocarbons such 
as chloral hydrate and trichlorethanol (2,4,5,7). Other 
proposed mechanisms for chloral hydrate-induced ar- 
rhythmias include enhanced automaticity of supra- 
ventricular and ventricular pacemaker cells (7). Short- 
ening of the myocardial refractory period observed 
after large doses may be of importance as well (7). 

Most of the published case reports of the chloral 


CLINICAL REPORTS 


hydrate overdose occurred in subjects without evi- 
dence of underlying heart disease. However, patients 
with heart disease may also show untoward cardiac 
effects with toxic doses of chloral hydrate (1). Case 
numbers 3 and 4 seem to be examples of chloral hy- 
drate intoxication with doses of 500 and 283 
mgkg ` "day, respectively. Case numbers 1 and 2 
did not receive toxic doses (96 mg-kg~)-day~! and 146 
mg-kg~*.day~', but were receiving inotropic support. 
The four patients we describe were a high-risk group 
in whom the incidence of postoperative arrhythmias 
is considerable regardless of drug intervention. The 
direct relationship of chloral hydrate and arrhythmias 
thus remains unproven in these complicated cases. 
Nevertheless, the possibility for pharmacologic inter- 
action remains, especially if chloral hydrate has the 
potential to act as a sensitizing agent. 

In summary, chloral hydrate is usually a safe hyp- 
notic drug for sedation with minimal respiratory and 
cardiovascular effects. However, we encountered four 
complicated cases of supraventricular tachycardia after 
administration of chloral hydrate in children after sur- 
gery for congenital heart disease. Two cases were pre- 
sumably due to unintentional overdosage, whereas 
two cases may represent sensitization of the myocar- 
dium. These cases emphasize the arrhythmogenic po- 
tential of chloral hydrate. 7 
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Delivery Temperature of Heated and Cooled Intravenous Solutions 


Edward A. Norman, MD, Idrees Ahmad, MD, and Norman J. Zeig, MD 


Maintaining normothermia is an important duty of 
the anesthesiologist. The goal of this study was to 
determine the maximum temperature to which an in- 
travenous container may be heated and still deliver 
its contents to the patient at or slightly below body 
temperature. Our department stores containers of lac- 
tated Ringer’s solution in the warming cabinets in the 
operating room (OR) prior to use. We measured tem- 
peratures in and on the container and along the in- 
travenous tubing. A trial of cold normal saline from 
the OR refrigerator was also used to evaluate heat 
gain during an infusion such as would be used during 
treatment of malignant hyperthermia. 


Methods 


New 1000-ml containers of lactated Ringer's solution 
in Lifecare Flexible Intravenous Containers (Abbott 
Laboratories, North Chicago, IL) were placed in op- 
erating room warming cabinets at 44, 50, 55, and 60°C. 
A skin temperature probe was placed at the base of 
each bag, and a tympanic temperature probe with the 
plastic sheath removed was placed through the in- 
jection port into the center of the lower portion of the 
bag (Fig. 1). The probes were attached to the Mon- 
A-Therm temperature probe terminal, model 6000, 
with a three-channel adapter (Mon-A-Therm, Inc., St. 
Louis, MO). When the two bag temperatures were 
equal, the intravenous solution container was re- 
moved from the warming cabinets. Room tempera- 
tures during all trials ranged from 23 to 25°C. 

The intravenous fluid containers were hung 208 
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cm from the floor. Abbott Laboratories non-vented 
195-cm intravenous tubing and 80-cm extension tub- 
ing were connected to the container. Temperature 
was also measured at the point of connection of the 
two pieces of tubing, and at the terminal end of the 
extension tubing (Fig. 1). Care was taken to ensure 
that no surface of the intravenous bag or intravenous 
tubing touched any surface unless insulated. The ter- 
minal end of the tubing was 90 cm from the floor. 

When all connections were made and the system 
had been calibrated and inspected for errors, internal 
and external bag temperatures were measured. Flow 
rate was preset at 1000 or 500 ml/hr. Temperature 
measurements were made at all four sites at 1 min 
and 5 min, and thereafter at 5-min intervals for 60 
min. Temperature was then measured every 15 min 
for the next 60 min. Room temperature was deter- 
mined during each trial with a rectal temperature probe 
allowed to hang freely in the room. Five trials were 
made at each temperature and rate. The mean was 
used for calculations. 

On a separate day, 1000-ml containers of normal 
saline were removed from the anesthesia work room 
refrigerator where the temperature is maintained at 
4°C. Trials were conducted in the same way as those 
in which warmed fluids were used. 

In an additional trial, 1000-m1 containers of lactated 
Ringer's solution were wrapped with “egg-crate” foam 
rubber comfort pads (Bio-Clinic Company, Rancho 
Cucomonga, CA). Initial internal container temper- 
ature was 50°C, and the rate was set at 1000 ml/hr. 

For control, intravenous containers at room tem- 
perature were used. Studies were again conducted as 
with the above warmed solutions. 


Results 


Intravenous containers of lactated Ringer's solution, 
which left the operating room warmers at 50.0°C and 
were set to deliver fluid at a rate of 1000 ml/hr, had 
mean temperatures of 49.6 + 0.50°C (SD) in the center 
of the container (T1) and 43.5 + 1.42°C on the surface 
of the container (T2) at time zero. After 1 min, tem- 
peratures averaged 48.5 + 0.55°C and 43.4 + 0.83°C, 
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Figure 1. Locations of temperature measurements. T1 is inside the 
IV container. T2 is on the surface of the IV container. T3 is at the 
connection of the nonvented IV tubing and proximal end of the 
extension tubing. T4 is at the distal end of the IV extension tubing. 


respectively. The temperature at the junction of non- 
vented intravenous tubing and extension tubing (T3) 
averaged 39.6 + 0.72°C, and at the distal end ‘of the 
extension tubing (T4) 37.0 + 1.07°C. During the next 
5 min, tubing temperatures increased slightly to 39.7 
+ 0.51°C and 37.2 + 0.63°C. Internal and external 
bag temperatures declined. At 1 hr, T3 was 32.6 + 
0.76°C, and T4 was 31.0 + 0.68°C (Fig. 2). Containers 
with an initial temperature of 44.0°C that delivered 
fluid at a rate of 1000 ml/hr were associated with mean 
temperatures at T4 of 32.6 + 0.62°C, 33.9 + 0.81°C, 
and 28.0 + 0.99°C at 1 min, 5 min, and 1 hr, 
respectively. 

At 60.0°C and an intravenous rate of 500 ml/hr, T1 
and T2 were 58.8 + 0.25°C and 53.5 + 1.21°C, re- 
spectively. At 1 min, container temperature decreased 
to 57.7 + 0.35°C and 52.6 + 0.98°C. The temperature 
at T3 was 30.2 + 1.56°C and 25.0 + 1.82°C at T4. At 
5 min, T3 was 38.9 + 0.62°C and T4 was 36.0 + 
0.51°C. At 1 hr, T3 and T4 were 33.1 + 0.91°C and 
30.1 + 0.87°C, and at 2 hr 27.5 + 1.43°C and 27.0 + 
1.37°C, respectively (Fig. 3). At 55.0°C, T3 was 30.4 
+ 0.75°C at 1 hr and 26.2 + 0.83°C at 2 hr, and T4 
was 28.9 + 1.51°C and 25.6 + 1.61°C at 1 hr and 2 
hr, respectively. ' 
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Normal saline, which left the refrigerator at 4.0°C 
and ran at a rate of 1000 ml/hr, had Ti and T2 values 
of 4.6 + 0.75°C and 5.2 + 1.05°C at time zero. At the 
end of 1 min, T3 was 14.5 + 1.10°C and T4 was 18.0 
+ 1.30°C. The tube cooled over the next 5 min, and 
these two temperatures decreased to 11.9 + 0.71°C 
and 13.7 + 0.84°C respectively. At 1 hr, T1 was 13.5 
+ 1.26°C and T2 was 14.2 + 1.08°C, with T3 reading 
16.4 + 1.32°C and T4 reading 17.3 + 1.28°C (Fig. 4). 
If the intravenous rate was -decreased to 500 ml/hr, 
delivery temperatures were 15.8 + 0.77°C, 15.7 + 
1.01°C, 17.7 + 1.21°C, and 20.8 + 1.54°C at T3 at 1 
min, 5 min, 1 hr, and 2 hr, respectively. 

The insulated trial started with a T1 of 50.0°C. The 
distal extension tubing at 5 min gave a temperature 
reading of 37.0 + 0.77°C, almost equal to the trial 
with no wrap, 37.2 + 0.63°C. However, at 1 hr, tem- 
perature at the same location decreased only to 33.8 
+ 0.88°C, 3°C higher than the unwrapped trial. 

The control trial began with T1 and T2 tempera- 
tures of 22.9 + 0.41°C and 23.0 + 0.39°C, respec- 
tively. At one hr, a temperature of 23.6 + 0.50°C at 
both T3 and T4 was recorded (Fig. 5). Room temper- 
ature during the same hour was manually set to in- 
crease from 23.5 + 0.37°C to 24.5 + 0.33°C. 


Discussion 

The effect of anesthesia on thermoregulation has been 
well-studied. Shivering increases oxygen demand by 
as much as four hundred—five hundred % (1). This is 
especially significant in infants who have unreliable 
shivering mechanisms (2) and in elderly or sick pa- 
tients who have difficulty increasing their O2 supply 
(3,4,5). Body heat production is about 2500 kcal/day 
or 100 kcal/hr. Each 1000 ml of fluid administered that 
differs by 1°C from 37°C poses a burden of 1000 cal- 
ories or 1 kcal. If 1000 ml of intravenous fluid is ad- 
ministered at a room temperature of 22°C, the body 
must expend 15 kcal to compensate for the cool fluids. 
This is 15/2500 or about 0.6% of the daily heat pro- 
duction or 15% of heat production/hr. Warming of 
intravenously administered fluids, especially blood, 
prevents unintentional hypothermia (6). 

In our study, we attempted to find an inexpensive 
and readily available method for administering warm 
intravenous solutions. Although fluid warmers are 
the ideal way to warm intravenous fluids, they are 
expensive. It is often not practical to have one fluid 
warmer for every operating room. Every operating 
suite is equipped with warmers in which blankets, 
irrigation solutions, and intravenous fluids can be 
warmed. 

At 1000 mi/hr, initial internal container tempera- 
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Figure 2. One liter of lactated Ringer's so- 
lution heated to 50°C and run at a rate of 
1000 mi/hr, recorded at 1 min, then at > 
min intervals over 1 hr. Data paints are 
means (n = 5). 
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Figure 3. One liter of lactated Ringer’s so- 
lution heated to 60°C and run at a rate of 
500 mI/hr, recorded at 1 min, then at 5- 
min intervals over 1 h, then at 15-min in- 
tervals during the second hr. Data points 
TIME imnurtas a Seer ea are means rau 5). ai 
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Figure 4. One liter of normal saline so- 
lution cooled to 4°C and run at a rate of 
1000 mi/hr, recorded at 1 min, then at 5- 
min intervals over one hr. Data paints are 


means (n = 5). 
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Figure 5. One liter of lactated Ringer’s so- 
lution at room temperature run at a rate 
of 1000 ml/hr as a control, recorded at 1 
min, then at 5-min intervals over 1 hr. 
Data points are means (n = 5). 
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ture may be 50°C, and at 500 ml/hr the container may 
be warmed to 60°C. Abbott Laboratories suggests that 
the container not be warmed above 65°C. Therefore 
we recommend that 60°C be the maximum warmer 
temperature. No dextrose-containing solution should 
be heated because the dextrose will be altered by heat. 

When warm intravenous fluid is used, delivery 
temperature increases during the first 5 min second- 
ary to heating of the intravenous tubing. Thereafter, 
a linear decline in temperature occurs. A higher de- 
livery temperature could be achieved if the intrave- 
nous extension tubing were removed (Figs. 2,3). 
However, it is more practical to change the intrave- 


nous container to a new warm container every hr if 
the rate is less than 1000 ml/hr. If a second length of 


extension tubing is added, the delivery temperature 
can be decreased. Normal saline cooled to 4°C used 
to treat malignant hyperthermia quickly gains heat 
(Fig. 4). After other lifesaving measures have been 
instituted, it would be advantageous to the patient to 
remove the intravenous extension tubing. Our control 
showed that the intravenous container and intrave- 
nous tubing are sensitive to small changes in room 
temperature (Fig. 5). Further reduction of heat loss or 
heat gain from the intravenous tubing or intravenous 
container may be accomplished by insulating the bag. 
Because the container temperature does not increase, 
there is no danger of exceeding the 37°C delivery tem- 
perature at the distal extension tubing. 

Care was taken to measure both external and in- 
ternal container temperatures because the anesthe- 
siologist will assess an intravenous container by its 
external temperature once it has been removed from 
a controlled environment such as a warmer or refrig- 
erator. Internal and external temperatures varied by 
2-6°C depending on the time of measurement. The 
ereatest difference was at time zero. In general, in- 
travenous containers at temperatures of 50-60°C are 
hot to the touch and difficult to handle. 
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In conclusion, the authors have quantified an in- 
expensive and easy method to help maintain nor- 
mothermia. It is certainly not the only method that 
could be employed. Heating and cooling of intrave- 
nous fluid becomes less effective as the container tem- 
perature approaches room temperature. In addition, 
the delivery temperature of the warmed fluid is below 
body temperature for the majority of its administra- 
tion. Warming the fluid does not truly warm the pa- 
tient, but it greatly reduces the cooling effect of fluids 
administered at room temperature. In ithe case of ma- 
lignant hyperthermia, the shortest tubing from bag 
to vein should be used, and if the intravenous rate 
must be below 1000 ml/hr then the container should 
be changed after each hour and replaced with a new 
cool container from the refrigerator. 


The authors with to thank Debra M. Norman for editing, Mary 
Jane Gruppuso for clerical organization of the manuscript, and Jean 
Solomine, RN, for help with the materials for the study, 
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Does Topical Anesthesia of the Sphenopalatine Ganglion 
with Cocaine or Lidocaine Relieve Low Back Pain? 


Jerry J. Berger, MD, Stephen T. Pyles, MD, and Segundina A. Saga-Rumley, MD 


Sphenopalatine ganglion block has been advocated in 
the past for relieving muscle spasm, neuralgia, vaso- 
spasm, reflex sympathetic dystrophy, low back pain, 
low back strain, sciatica, and angina (1,2), although 
no well-controlled studies have been published. Clas- 
sically, cocaine has been used for this block. The pres- 
ent study was undertaken to determine the duration 
of action and efficacy of sphenopalatine ganglion block 
for relief of chronic low back pain and to compare the 
efficacy of cocaine with that of lidocaine and a placebo. 


Materials and Methods 


Twenty-one consecutive patients (nine men and 12 
women aged 21-70 yr) treated at our pain clinic for 
chronic low back pain, i.e., low back pain unrelieved 
by most acceptable surgical and nonsurgical methods, 
participated in this double blind study, which was 
approved by the committee on human experimenta- 
tion. Either normal saline, 10% cocaine, or 4% lido- 
caine (Xylocaine) was applied topically to the sphe- 
nopalatine ganglion by placing a pledget soaked with 
one of the solutions on an applicator and passing it 
bilaterally along the inferior and middle turbinates of 
the nose until contact with the sphenoid bone. The 
pledget was left in place for 30 min. 

Each patient was treated in the morning and in the 
afternoon on two consecutive days. The degree of 
pain was graded by asking the patient to judge it on 
a scale of 0 (no pain) to 10 (the worst pain the patient 
had experienced), and effect of treatment on pain was 
noted simply as a change in pain score, e.g., from 10 
to 5. Pain score was evaluated before the first treat- 
ment; 1 hr after the second treatment on the first day; 
1 hr after the fourth treatment on the second day (the 
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last treatment); and 1 day, 1 week, and 1 month after 
the last treatment. 

Data for each time period were analyzed by the 
Kruskal-Wallis test for statistically significant differ- 
ences between median pain scores and, for each drug, 
by the Wilcoxon signed rank test for any difference 
in pain before the nerve block compared with any 
time after it (the actual permutation distribution of 
the statistic was generated). Analysis of baseline pain 
scores showed that pain before treatment did not dif- 
fer among treatment groups (P < 0.05); thus com- 
parison of the groups was valid. 


Results 


The difference in effectiveness of the three treatments 
in relieving low back pain was statistically significant 
1 week after the last treatment (Table 1). At 1 week, 
the saline treatment group had a significantly higher 
median pain score than the group with lidocaine. The 
effect of cocaine on back pain was not quite statisti- 
cally significant (P = 0.0594). No patient had statis- 
tically significant pain relief with saline. At 1 month, 
there was no statistical difference among the treat- 
ment groups in the degree or frequency of pain relief. 
At this time, only four out of the 15 patients anes- 
thetized with either local anesthetic rated pain more 
than one point lower than baseline; of the seven con- 
trol patients, only one rated back pain more than one 
point lower. No other differences were found be- 
tween the treatments at the other time periods. 

Data from before the block were compared with 
those afterward to determine at what time the treat- 
ment started to take effect. No statistical differences 
were found at the 0.05 level; therefore, the exact time 
during the study when pain relief began could not be 
determined. 


Discussion | 
The sphenopalatine ganglion, located in the ptery- 
gopalatine fossa posterior to the middle turbinate, is 
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Table 1. Low Back Pain Scored on a Scale of 0 (No Pain) to 10 (Worst Pain pene after Sphenopalatine Ganglion 





Block with 10% Cocaine, 4% Lidocaine, or Saline 


Pain score 
Before During treatment After treatment 
Drug treatment 1 hr 48 hr 1 day 1 week 1 month 
Cocaine (n = 7) 2 2 7 7 2 2 
5 2 2 1 1 6 
5 3 0 0 1 4 
5 5 1 3 5 5 
5 5 4 5 5 4 
7 0 3 2 2 4 
10 10 10 10 10 10 
Lidocaine {n = 7) 4 6 5 5 5 5 
7 7 7 4 1 2 
7 9 4 8 8 ND“ 
8 4 6 1 6 7 
8 8 10 10 5 5 
10 0 1 0 1 10 
10 5 3 3 2 2 
Saline (n = 7) 5 5 2 Z 8 8 
6 6 3 3 6 6 
7 7 7 7 7 10 - 
8 7 0 3 5 5 
8 8 8 8 8 8 
9 9 3 10 10 10 
9 9 10 10 10 10 


‘Not determined because patient received an epidural steroid injection. 


covered by only a 1- to 5-mm layer of connective tissue 
and mucous membrane. Topically applied local an- 
esthetics can, therefore, diffuse into the ganglion. The 
sphenopalatine ganglion has major branches to the 
trigeminal nerve, the facial nerve, and the carotid 
plexus, the latter communicating directly with the su- 
perior cervical sympathetic ganglion. The spheno- 
palatine ganglion has sensory, visceral motor (para- 
sympathetic), and sympathetic functions. 

. Parasympathetic activity of the sphenopalatine 
ganglion is mediated via the superficial petrosal nerve; 
the branches going to the lacrimal -gland may explain 
the excessive lacrimation associated with stimulation 
of the sphenopalatine ganglion. The sympathetic root 
is the great deep petrosal nerve, an extension of the 
cervical sympathetic chain. Fibers from cell bodies in 
the ventral horn of the thoracolumbar spinal cord 
communicate directly or via cervical ganglion syn- 
apses with the sphenopalatine ganglion (1). 

Block of the sphenopalatine ganglion to relieve in- 
tractable pain received little attention until the nasal 
application of cocaine over the sphenopalatine gan- 
glion was reported to control painful vascular and 
muscular spasms (3). Kuntz was asked in 1935 to ex- 
plain how anesthetizing the sphenopalatine ganglion 


could relieve lumbar pain and he replied, “Pain seems 
to have been relieved in the lumbar region, but I am 
sure we have no explanation at the present” (4). 

In an ongoing clinical study of acute back pain in 
patients aged 18—65 yr, Reder et al. applied either 10% 
cocaine or a placebo to the sphenopalatine ganglion 
to evaluate possible pain relief (1). Among patients 
given cocaine, 25% had no pain relief and 73% im- 
proved; 45% of the latter had marked to complete 
improvement after a single application. In the control 
group, 25% were improyed and 75% were not. 

Our study compared the effects of topical saline, 
10% cocaine, and 4% lidocaine for anesthetizing the 
sphenopalatine ganglion to treat chronic low back pain. 
Because of the subjective nature of low back pain, 
evaluation of pain relief is difficult. Nevertheless, in 
our study, sphenopalatine ganglion block was judged 
by seven out of 15 patients who received either co- 
caine or lidocaine to have decreased the intensity of 
their low back pain for one week as reflected by a 
decrease in pain score (e.g., from 8 to 5). Saline at 1 
week only decreased the pain score in one out of 
seven patients, less than the percentage normally re- 
lieved with a placebo. This low percentage might be 
explained by the fact that, with saline, subjects did 


not experience numbness of the nasopharyngeal mu- 
cosa and thus might have realized they received the 
placebo. . 

Though clinical pain relief started after the last block, 
pain relief was not statistically significant until 1 week 
after the last treatment. The exact time when pain 
relief peaked could not be determined because pain 
scores. were not evaluated between the second and 
sixth day after treatment. 

Four percent lidocaine was effective in decreasing 
the intensity of low back pain; 10% cocaine was almost 
as effective. In `a study that compared intranasal co- 
caine and lidocaine, experienced drug abusers were 
unable to discriminate between these two drugs (5). 
Plasma levels of lidocaine were similar to those of 
cocaine after intranasal application of the same dose. 
Our finding of almost similar pain relief with either 
drug would not be unexpected in light of the previous 
study (5). 

That low back pain is relieved by sphenopalatine 
ganglion block cannot be readily explained on phys- 
iologic or anatomic grounds, even though such relief 
has. been claimed periodically since 1925 (3,6). In lower 
animals the sphenopalatine ganglion probably has a 
role:in the rage reaction. It is a major point of entry 
of the autonomic system, which can be modulated by 
anesthetizing the ganglion. Procacci et al. (7) reported 
changes in cutaneous pain threshold after sympa- 
thetic block in reflex dystrophy, which indicates that 
there is abnormal sympathetic reflex activity in many 
differently classified diseases, along with myalgic spots 
(trigger points) in patients suffering from reflex sym- 
pathetic dystrophy. With block of the sympathetic 
chain, Procacci et al. noted a lessening of trigger point 
pain. Some have thought that sphenopalatine gan- 
glion block relieves pain psychosomatically, but Rus- 
kin (8) stated that psychosomatic symptoms probably 
are mediated by the autonomic system and, therefore, 
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the block most probably has a physiologic basis, as 
suggested by Procacci et al. 

Although the time at which the anesthetic took 
effect was difficult to pinpoint, this study showed a 
decrease in intensity of low back pain between the 
time of the last block of the sphenopalatine ganglion 
and 1 week afterward. However, long-lasting relief 
(1 month duration) was not evident; therefore, clinical 
use of sphenopalatine blocks in patients with chronic 
low back pain would be of only limited value. If relief 
is truly mediated by the autonomic nervous system, 
then study with sympatholytic agents may be war- 
ranted. Why maximal relief was not immediate re- 
quires further investigation with more frequent eval- 
uation of pain between the first and seventh day after 
the block. 
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High-Dose Sufentanil: 


Four Cases of Sudden Hypotension on Induction 


Bruce D. Spiess, MD, Rodney H. Sathoff, MD, Abdel R. S. El-Ganzouri, MD, and 


Anthony D. Ivankovich, MD 


oufentanil, an N,-substituted derivative of the syn- 
thetic narcotic fentanyl, has recently been released for 
clinical usage. High-dose opiate anesthesia has been 
a well-accepted technique for cardiac surgery since 
Lowenstein et al. (1) published their work using mor- 
phine, 1-3 mg/kg. Fentanyl in dosages of 50-100 ug/kg 
releases little histamine and provides a hemodynam- 
ically acceptable anesthetic. Sufentanil, 15-25 yg/kg, 
has been said not only to provide as stable an induc- 
tion as fentanyl, but also potentially to add further 
protection from intraoperative hypertension and 
tachycardia, and to produce less postoperative res- 
piratory depression (2). 

The following clinical report describes four patients 
in whom sudden hypotension developed on induc- 
tion of anesthesia with sufentanil ranging in dose. from 
8.4 ug/kg to 22.7 ug/kg. Three patients were having 
cardiac surgery: coronary artery bypass graft (CABG) 
in one, mitral valve replacement (MVR) in one, and 
combined MVR and CABG in the third. The fourth 
patient was scheduled for resection of an abdominal 
aortic aneurysm (AAA). At this time ten cases of high- 
dose sufentanil anesthesia have been carried out at 
this institution, including the four reported here. 


Case 1 


A 50-yr-old man weighing 95 kg with a history of 
hypertension, two myocardial infarctions within the 
last year, and unstable angina was scheduled for com- 
bined MVR and CABG. His medications included pro- 
cainamide, 500 mg every 6 hr, furosemide, 40 mg 
twice a day, digoxin, 0.25 mg every morning, nitro- 
glycerin tablets sublinguially as necessary, nitroglyc- 
erin patch every 12 hr, and an oral potassium sup- 
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plement. Cardiac catheterization showed triple vessel 
coronary artery disease and moderate mitral regur- 
gitation with a left ventricular end diastolic pressure 
of 26 torr. 

The patient was premedicated with morphine, 10 
mg, and glycopyrrolate, 0.2 mg intramuscularly. He 
was further sedated with 3 mg of intravenous loraz- 
epam while an arterial line and a Swan—Ganz intro- 
ducer sheath were placed. 

Anesthesia was induced with an infusion of 10 g/ml 
of sufentanil by slow infusion. Blood pressure was 
140/80 torr and pulse 74 beats/min. Ten minutes after 
the infusion was begun, the blood pressure decreased 
to 60/40 torr with no change in pulse. A dose of 8.4 
ug/kg sufentanil had been infused when it was stopped 
and the trachea intubated, without change i in the vital 
signs. Five htindred milliliters of lactated Ringer’ 5 so- 
lution administered rapidly and bolus intravenotis in- 
jections of ephedrine (10 mg) increased the ‘blood 
pressure to 170/110 torr 4 min after the onset of ‘hy- 
potension. The pulse rate remained at 75-80 beats/min. 
Upon Swan-Ganz catheter insertion, a pulmonary 
capillary occlusion pressure of 27 torr, a cardiac index 
of 1.8 Lmin~+m~2, and a systemic vascular resistance 
of 1476 dynes-sec-ccm~° were recorded. 


Case 2 


A 72-yr-old woman weighing 55 kg was scheduled 
for mitral valve replacement. The patient had a history 
of dyspnea, congestive failure, and a previous cere- 
bral infarction. Her only medication was digoxin, 0.125 
mg each morning. Cardiac catheterization showed 
mitral stenosis with a valve area of 0.5 cm? and a 23 
torr gradient, and a cardiac output of 4.5 L/min. Left 
ventricular end diastolic pressure was 3 torr, and the 
pulmonary artery pressure was 68/31 torr with an oc- 
clusion pressure of 29 torr. 

The patient was given morphine, 8 mg, and gly- 
copyrrolate, 0.2 mg, intramuscularly before the op- 
eration. Further sedation with lorazepam (2 mg) was 
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added during placement of monitors. Vital signs pre- 
operatively were the following: blood pressure, 130/70 
torr; pulse 70 beats/min; and central venous pressure, 
17 totr. 

Anesthesia was induced with 25 ml (50 ug/ml) of 
sufentanil carried out over 10 min (22.7 pg/kg). The 
blood pressure decreased to 60/40 torr with a pulse 
of 65 in the 5 min after the completion of the infusion. 
Intubation did not change the vital signs. Lactated 
Ringer’s solution (500 ml) plus incremental intrave- 
nous doses of phenylephrine (400 ug in 100 ug in- 
crements) restored the blood pressure to 120/65 torr 
and the pulse to 80 beats/min in 3 min. 


Case 3 


A 42-yr-old man weighing 90 kg with a history of 
unstable angina, hypertension, and two previous 
myocardial infarctions was scheduled for CABG. His 
medications included propranolol, nitroglycerin patch, 
and verapamil. The electrocardiogram showed nor- 
mal sinus rhythm with Q waves in leads H, Ill, and 
aVr. Cardiac catheterization showed severe three-ves- 
sel coronary artery disease, left ventricular hypoki- 
nesis, and elevated left ventricular end diastolic 
pressures. 

The patient was premedicated with morphine 10 
mg and 0.2 mg of glycopyrrolate. Lorazepam, 4 mg, 
was intravenously given for further sedation during 
placement of intravenous, arterial, and central lines. 
One milliliter (50 ug/ml) of sufentanil was followed 2 
min later with another 4 ml. The pulse rate decreased 
from 80 to 48 beats/min and the blood pressure from 
130/70 to 60/30 torr. Immediate intubation did not 
change the vital signs. Atropine (1.2 mg), ephedrine 
(20 mg) and epinephrine (200 wg) were given in di- 
vided doses. The patient’s blood pressure slowly in- 
creased to 200/110 torr with a pulse of 85 beats/min 
over the following 5 min. A Swan—Ganz thermodi- 
lution catheter inserted after resuscitation showed a 
pulmonary occlusion pressure of 21 torr, cardiac out- 
put of 3.34 liters/min, cardiac index of 1.67 L-min~ 'm~? 
and a systemic vascular resistance of 2035 dynes- 
seccm” ”. 


Case 4 


A 90kg 72-yr-old man with a history of well-controlled 
hypertension and previous cerebral vascular accident 
was scheduled for an AAA. The patient’s medications 
were cimetidine and hydrochlorothiazide. 
Preoperative medication consisted of lorazepam, 2 
mg, and atropine, 0.4 mg intramuscularly. One milli- 
liter of sufentanil (50 ug/ml) was given as a test dose 
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followed by 4 more ml over 3 min. The blood pressure 
decreased from 180/90 torr to 88/60 torr and the pulse 
from 88 to 64 beats/min. Immediate intubation did not 
change the vital signs. Atropine, 0.4 mg, increased 
the pulse rate to 80 beats/min and the blood pressure 
to 110/70 torr. Central venous pressure prior to in- 
duction was 12 torr. A Swan—Ganz catheter was.later 
placed and revealed normal cardiac output, cardiac 
index and pulmonary capillary occlusion pressure. 


Discussion 


Sufentanil is a synthetic opiate 5-10 times more potent 
than fentanyl. Intraoperative prevention of hyperten- 
sion and tachycardia, and decreased postoperative 
respiratory depression have been proposed as advan- 
tages over fentanyl (3,4). These would truly be ad- 
vances in cardiac anesthesia if sufentanil has as little 
cardiovascular effect during induction as fentanyl. Su- 
fentanil and fentanyl are comparable in both induc- 
tion time and cardiovascular stability in CABG pa- 
tients. Mean arterial pressure, heart rate, pulmonary 
artery pressure, pulmonary capillary wedge pressure, 
cardiac index, peripheral resistance, and pulmonary 
vascular resistance all remain unchanged during in- 
duction of anesthesia with sufentanil (2,3,5,6). How- 
ever, our study reported significant decreases in car- 
diac contractility on induction with sufentanil leading 
to a decrease in mean arterial pressure (6). Cardio- 
vascular changes during induction with sufentanil in 
patients undergoing mitral valve replacement include 
decreases in mean arterial blood pressure (— 24.5 torr) 
and systemic vascular resistance (6). Patients with low 
cardiac output and high pulmonary capillary occlu- 
sion pressures do not routinely have pronounced de- 
creases in blood pressure during induction to anes- 
thesia with sufentanil (6). Two cases reported here 
underwent mitral valve replacements with major (70 
torr) decreases in mean arterial pressures after sufen- 
tanil administration. 

Histamine release has caused problems with other 
opiates, notably morphine. However, histamine re- 
lease is not a problem during induction with high dose 
sufentanil (7,8,9). There was no evidence to support 
histamine as a mediator of the hypotensive responses 
in the present four cases. 

Decreases in serum levels of epinephrine and nor- 
epinephrine have been described in patients anes- 
thetized with high dose sufentanil (10). The rate of 
infusion may contribute to changes in catecholamine 
levels. Cases 3 and 4 had very slow inductions with 
small amounts of sufentanil in test doses; two cases 
(cases 1 and 2) received their suferitanil over 5-10 min 
with one patient receiving 22.7 ug/kg over 10 min. 
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More studies of catecholamine levels following in- 
duction with high-dose sufentanil are needed. 
‘Increased vagal tone is a well-described side effect 
of high-dose sufentanil and fentanyl anesthesia (2). 
Cases 3 and 4 had decreases in pulse rate greater than 
25%. Those bradycardias may have been a factor de- 
creasing cardiac output in these two patients. 
All four patients received lorazepam 2—5 mg at least 
30 min prior to induction. Benzodiazepine—opiate 
combinations have been shown to cause hypotension 
and decreased cardiac output. Diazepam—morphine 
or diazepam—fentanyl combinations, for example, de- 
crease heart rate and mean arterial pressure, and in- 
crease peripheral vascular resistance (11,12). Al- 
though lorazepam as a pretreatment to high-dose 
fentanyl anesthesia has no major cardiovascular ef- 
fects (13), diazepam-—sufentanil as a combination has 
been associated with direct myocardial depression and 
a decrease in preload. No data have been gathered 
on cardiovascular responses to lorazepam—sufentanil 
combinations. Cardiovascular depression with the 
lorazepam—sufentanil combination may have been the 
major contributor to the hypotension in these cases. 
Thoracic muscular rigidity occurs with both fen- 
tanyl and sufentanil (3). Increased intrathoracic pres- 
sures caused by such rigidity could decrease venous 
return and cardiac output. There was no evidence of 
ventilatory difficulty in any of the four cases reviewed. 
In summary, four of the ten cases in which sufen- 
tanil was used for induction of anesthesia developed 
sudden hypotension. Each of the four cases had pre- 
treatment with lorazepam. Three of these cases were 
scheduled for open heart surgery, and one case was 
scheduled for resection of an abdominal aneurysm. 
The mechanisms for the sudden hypotensive epi- 
sodes are unclear, and invasive monitoring was not 
performed during the hypotensive episodes. Possible 
mechanisms include a sudden decrease in circulating 
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catecholamines, increased vagal tone, relative over- 
dosage with a very potent agent, and a benzodiaze- 
pine—narcotic interaction. 
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Use of Nicardipine in the Anesthetic Management 


of Pheochromocytoma 


Toshiyuki Arai, MD, Yoshio Hatano, MD, PhD, Hiroyuki Ishida, MD, and 


Kenjiro Mori, MD, PhD 


For the operative management of pheochromocy- 
toma, phentolamine or sodium nitroprusside have been 
commonly used for prevention of dangerous hyper- 
tension caused by catecholamine release from the tu- 
mor. However, these agents exhibit antihypertensive 
properties by acting on vascular smooth muscle (1,2), 
not by inhibiting catecholamine release. Recently, the 
clinical benefits of nifedipine, a calcium slow-channel 
blocker (i.e., Ca antagonist), have been confirmed in 
the management of pheochromocytoma symptoms 
such as acute hypertensive crisis, cardiomyopathy, 
angina, and palpitation (3,4). Serfas et al. have sug- 
gested that the effectiveness of calcium antagonists is 
related both to its potent vasodilating action and to 
partial suppression of catecholamine release from 
pheochromocytoma (4). We report a case of pheo- 
chromocytoma successfully managed intraoperatively 
with an infusion of nicardipine, a new short-acting 
calcium antagonist for intravenous use, in a patient 
in whom sublingual administration of nifedipine had 
been effective for relief of the preoperative symptoms. 


Case Report 


A 42-yr-old woman, weighing 47 kg, with a 1-yr his- 
tory of severe headaches was admitted to the hospital 
because of marked hypertension. The presence of an 
adrenal pheochromocytoma was confirmed by angi- 
ography and by the findings of elevated levels of serum 
catecholamines and urinary vanillylmandelic acid, and 
she was scheduled to have the pheochromocytoma 
excised. On admission, her blood pressure was 242/ 
108 mm Hg and her heart rate was 110 beats/min with 
normal sinus rhythm. Serum norepinephrine and epi- 
nephrine levels were 45,500 pg/ml (normal, 40-350) 
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and 104 pg/ml (normal, <120), respectively. Other 
laboratory data were within normal limits. Medication 
consisting of prazocin (2 mg) and metoprolol (40 mg) 
orally three times daily was continued for 4 weeks 
until the day before the operation. A few days after 
the start of medication, the patient’s blood pressure 
decreased to a range of 190/100-170/90 mm Hg, but 
she continued to have episodes of severe headache, 
and hypertension as high as 240/140 mm Hg. On one 
occasion, sublingual administration of nifedipine (10 
mg) was effective in relieving her headache and low- 
ering her blood pressure from 254/145 to 120/80 mm 
Hg within 10 min, in association with an abrupt de- 
crease in serum catecholamine levels. Serum levels of 
norepinephrine and epinephrine during this hyper- 
tensive attack were 92,800 pg/ml and 340 pg/ml, and, 
10 min after nifedipine administration, 43,200 and 240 
pg/ml, respectively. Thereafter, nifedipine was pre- 
scribed when these episodes occurred. 

The patient was premedicated with 10 mg diaze- 
pam given orally 1 hr before induction of anesthesia, 
and with 0.4 mg scopolamine and 10 mg morphine 
given intramuscularly 30 min before induction. On 
arrival in the operating room, she appeared to be well- 
sedated; arterial blood pressure was 190/120 mm Hg 
and heart rate 106 beats/min. The right radial artery 
was cannulated under local anesthesia. A Swan—Ganz 
catheter (7F, American Edwards Lab.) was inserted 
via the right internal jugular vein under local anes- 
thesia. Cardiovascular profiles were measured, and 
an arterial blood specimen was obtained for mea- 
surement of serum catecholamine concentrations by 
means of high-performance liquid chromatography 
(Table 1). 

Anesthesia was then induced with 10 mg diaze- 
pam, which decreased the patient’s blood pressure to 
170/100 mm Hg, followed by infusion of fentanyl (50 
pg/kg) at a rate of 10 wg-kg™'-min™’. After 1 mg of 
fentanyl had been infused, the blood pressure in- 
creased to 260/150 mm Hg and heart rate from 95 to 
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Table 1. Hemodynamic Parameters and Plasma Catecholamine Levels before, during, and after Resection 





of Pheochromocytoma 





Blood pressure 





Heart rate 


Cardiac index 


Systemic vascular 
resistance 


Norepinephrine” 


Epinephrine” 


(mm Hg) (beats/min) Lemin ^m ? dyne-sec/cm” pg/ml pg/ml 
Before induction 193/105 110 2.56 2,990 97,800 302 
After intubation 120/70 105 — —- 33,900 70 
Exploration of 145/85 88 3.74 1740 36,300 30 
abdomen 
Manipulation of the 134/77 110 5.14 1040 51,200 30 
tumor 
After resection 80/55 96 2.99 1070 3150 28 
After operation 130/80 100 3.84 1370 5070 378 
1 week after 138/95 92 — 550 23 


operation 





“Normal values, 40-350 pg/ml. 
"Normal values, <120 pg/ml. 


130 beats/min. Nicardipine infusion was immediately 
started at a rate of 2 mg/min for 90 sec, after which 
the blood pressure decreased to 125/75 mm Hg; heart 
rate was 110 beats/min. The trachea was then intu- 
bated after administration of 6 mg of pancuronium. 
Cardiovascular response to endotracheal intubation 
was minor. Anesthesia was maintained with 50% ni- 
trous oxide in oxygen and with intermittent doses of 
pancuronium as required. During exploration of the 
abdomen, the blood pressure remained in a range of 
120/80-145/90 mm Hg with the nicardipine infusion 
(0.1-0.2 mg/min). Extensive manipulation of the 
pheochromocytoma elevated the pressure to 180/110 
mm Hg. However, this elevation responded imme- 
diately to an increase in the rate of nicardipine infu- 
sion (1 mg/min). The heart rate during surgery re- 
mained relatively stable in the range of 88-120 beats/ 
min with normal sinus rhythm. After the removal of 
the tumor, nicardipine infusion was discontinued, and 
the blood pressure gradually decreased to 80/55 mm 
Hg and heart rate to 100 beats/min. Blood pressure 
increased to 120/80 mm Hg within 60 min after blood 
transfusion and fluid therapy. After the operation, 
the patient was transferred to the intensive care unit; 
no vasopressor therapy was required. Twenty hours 
after operation, the patient was extubated after ac- 
ceptable respiratory and hemodynamic findings were 
obtained. The patient was discharged 26 days after 
the operation without any complications. 


Discussion 


Transmembrane Ca** influx initiated by depolariza- 
tion of the cell membrane is necessary for catechol- 
amine release from adrenal medullary tissue (5), as 
well as for the contraction of blood vessels and heart 


(6). Calcium antagonists, in addition to their effects 
on the cardiovascular system, also inhibit catechol- 
amine release by the adrenal medulla (7,8). In our 
patient, administration of nifedipine effectively con- 
trolled preoperative hypertensive attacks and head- 
aches, and was associated with abrupt decreases in 
plasma catecholamine levels. During the operation 
nicardipine infusion maintained the catecholamine 
levels below the preoperative level, even during ma- 
nipulation of the tumor. Sudden increases in plasma 
catecholamine levels during tracheal intubation or op- 
erative manipulation of the tumor, which have been 
reported in patients with pheochromocytomas even 
when adequate blood pressure was maintained using 
phentolamine or sodium nitroprusside (9-11), did not 
occur when we used the infusion of nicardipine. Al- 
though the response of catecholamine release from 
pheochromocytoma to calcium antagonists has not 
yet been defined, our observation suggests that ni- 
cardipine is valuable for prevention of excess cate- 
cholamine release during resection of pheochromo- 
cytomas. In addition to adequate blood pressure 
control, the cardiac index was well-preserved and sys- 
temic vascular resistance remained within normal lim- 
its despite the presence of elevated circulating cate- 
cholamine levels. Nicardipine has been shown to have 
greater effects on the peripheral vessels than on the 
heart in healthy volunteers (12) and in anesthetized 
patients who develop acute hypertension (13). Al- 
though severe tachyarrhythmias can occur during 
surgery, the heart rate of our patient changed little, 
probably because of the negative chronotropic action 
of nicardipine (14) and the suppression of catechol- 
amine release by nicardipine infusion. In addition, 
because of the short duration of action of nicardipine 
(12,13), the blood pressure after removal of the pheo- 
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chromocytoma could be maintained adequately with 
conventional fluid therapy. 

In our patient, anesthesia was induced with high- 
dose fentanyl because this has been reported to pre- 
vent surgically-induced increases in plasma catechol- 
amines (15) and to possess postsynaptic a-adrenergic 
blocking action (16). However, infusion of fentanyl 
elicited marked hypertension, which was reversed by 
infusion of nicardipine. This hypertension may have 
been related to the effects of fentanyl on adrenergic 
nerve endings, facilitation of norepinephrine release 
(17), and inhibition of neural norepinephrine uptake 
(18). Increased serum norepinephrine levels have been 
reported during induction with high-dose fentanyl in 
patients with ischemic heart disease (19). 

In summary, the use of nicardipine, a short-acting 
calcium antagonist, provided adequate hemody- 
namic control in association with lowered catechol- 
amine levels during removal of pheochromocytoma. 
Nicardipine could be useful in the anesthetic 
management of patients undergoing surgery for 
pheochromocytoma. 
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Book Reviews 


1985 Yearbook of Anesthesia 

Ronald D. Miller, Robert R. Kirby, Gerald W. Ostheimer, 
Lawrence J. Saidman, and Robert K. Stoelting, eds. 
Chicago: Yearbook Medical Publishers, Inc., 1985, 395 pp. 


1985 is the twenty-second year for the Yearbook Medical 
Publishers’ Yearbook of Anesthesia series. This year’s format 
remains the same as in previous years. Drs. Miller, Kirby, 
Ostheimer, Saidman, and Stoelting have reviewed over 300 
articles and case reports selected from the world’s relevant 
anesthesia literature. These are ranged under 13 chapter 
headings beginning with an introductory chapter entitled 
“The Informed Anesthesiologist,” and then continuing with 
extensive sections devoted to areas such as pharmacology, 
anesthesia for different types of surgery, postoperative care, 
ventilatory management, and critical care. Articles are sum- 
marized and receive editorial comment, which may vary 
from scholarly critiques to a few humorous bon mots. (All 
the cited articles are not necessarily landmark studies, and 
examples of poor scholarship are occasionally included with 
appropriate criticism). 

The publisher introduces the reader to this year’s new 
cover design and content format. The latter is a great im- 
provement. The new typeset and citation headings make 
the 1985 issue much easier to read than its predecessors. 
Each page has a nice sense of balance. Hopefully, tiny ed- 
itorial type, run-on summaries, and poorly identified head- 
ings are gone forever. 

Even though the 1985 Yearbook is a continuation of the 
yearbook series, it should be able to stand alone to be a 
success. It should be topical and mirror the controversies 
and consensus of the specialty for its year. The Yearbook 
covers the reviewed anesthesia literature fom November 
1983 until October 1984 extremely well. Topics such as as- 
piration pneumonia are covered in great detail. Samples of 
the relevant literature dealing with histamine antagonists, 
antacids, and metoclopramide are clearly presented. Like- 
wise, the literature reviews for transfusions, obstetrical 
anesthesia, and spinal opioids are well-balanced and highly 
recommended. Pediatric anesthesia was extensively cov- 
ered by the 1984 yearbook, but, unfortunately, 1985 in- 
cludes only a few citations which are scattered throughout 
the book and are not well cross-referenced. I occasionally 
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had difficulty finding what I wanted. For example, articles 
that dealt with deliberate hypotension and adenosine could 
be found in both the chapter “Anesthetic Techniques” and 
again in the chapter “Anesthesia for Certain Types of Sur- 
gery.” Finally, I was disappointed that there were no articles 
dealing with two-dimensional echocardiography or its op- 
erating room applications. 

In summary, I believe that the editors and publishers of 
the Yearbook series have produced a concise and expertly 
executed synopsis of the anesthesia literature. Clearly, it 
should not be a substitute for the original articles, nor should 
it be thought to be a definitive review of the literature. It 
does offer the busy practitioner or trainee a widened per- 
spective with which to view our specialty. I recommend the 
1985 Yearbook of Anesthesia to everyone who might benefit 
from this widened perspective. 


Mark M. Harris, MD 

Assistant Professor of Anesthesiology 
Unversity of Virginia Medical Center 
Charlottesville, VA 22908 


International Anesthesiology Clinics: Special 
Problems in Pediatric Anesthesia 

Rodolfo I. Godinez, ed. Boston: Little Brown and 
Company, 1985, 235 pp, $24.00. 


The overwhelming volume of information produced in re- 
cent years in the area of pediatric anesthesia has prevented 
the production of a single, authoritative text to cover the 
specialty. Despite attempts, no book has succeeded the 
“Smith Classic,” and it is doubtful if such could be produced. 
In its place, we must look to shorter, directed works such: 
as this fine volume of International Anesthesiology Clinics. Dr. 
Godinez has assembled a review of current philosophies 
and practies representing the CHOP (Children’s Hospital 
of Philadelphia) view of pediatric anesthesia practice. This 
is a conservative, widely respected, and well-tested ap- 
proach to the care of children. In presenting their views, 
the individual authors have been careful to avoid rigidity 
and to champion the safety of children. The chapters are 
well-chosen to cover the field of common interests, and 
readers are helped by useful names of less common equip- 
ment and their manufacturers. 
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Perhaps the best quality of the work is the excellent 
reference list provided by each set of authors, which should 
prove to be a standard reference list of all levels of read- 
ership. The style of presentation is most conducive to easy 
reading and, apart from occasional minor errors (fluids chart, 
page 143) and some unavoidable repetition, this volume 
could become the most popular pediatric anesthesia refer- 
ence in recent times. 

The chapters on preanesthetic considerations by Broennle 
and airway surgery by Keon should prove especially val- 
uable, whereas those on craniofacial surgery and trans- 
plantation carry sufficient depth to remind the overconfi- 
dent that the pediatric anesthesia care team has attained a 
great deal of sophistication. The text further reminds us 
that the occasional pediatric encounter needs to be ap- 
proached with extreme caution, and provides much en- 
couragement to those who judge that a particular level of 
care is the maximum their facility should provide. 

I would consider this a “must” companion to Steward’s 
Handbook tor all who do not restrict their practice to children, 
and I recommend it strongly for those who do. 


Eric B. Furman, MD 

Director 

Department of Anesthesiology 

Children’s Orthopedic Hospital and Medical Center and 
University of Washington 

Seattle, WA 98105 


BOOK REVIEWS 


Books Received 

Receipt of the following books from their publishers is acknowledged with 
thanks. Selected books from this list will be reviewed in the future. 
Anaesthetic Management, A Rule-Based Guide. M. ]. Harrison, R. M. Jones, 
B. J. Pollard. Stoneham, MA: Butterworth, 1986, 283 pp, $29.95. 
Anesthesia in Obstetrics: Maternal, Fetal, and Neonatal Aspects. G. A. Al- 


bright, J. E. Ferguson i, T. H. Joyce m, D. K. Stevenson. Stoneham, MA: 
Butterworth, 1986, 662 pp, $69.96. 








Basic Physics and Measurement in Anesthesia. G. D. Parbrook, P. D. Davis, 
E. O. Parbrook. E. Norwalk, CT: Appleton-Century Crofts, 1985, 360 pp, 
$34.95. 


Cardiac Catheterization and Angiography, third edition. W. Grossman, ed. 
Philadelphia: Lea & Febiger, 1986, 562 pp, $49.50. 

Computers in Critical Care and Pulmonary Medicine. P. M. Osswald, ed. 
NY: Springer-Verlag, 1985, 340 pp, $44.70. 

The Heart: Physiology, Metabolism, Pharmacology, Therapy. L. Opie, ed. 
Orlando, FL: Grune & Stratton, 1984, 392 pp, $55.00. 


Isoflurane (Forane), second edition. E. J. Eger u. Madison, WI: Anaquest, 
1986, 160 pp. 











The Management of Postoperative Pain. M. E. Dodson. Baltimore: Arnold, 
1985, 274 pp, $49.95. 


Mises au Point en Anesthesie—Reanimation. Y. Noviant, |. Langloys. Le 
Kremlin-Bicétre, France: MAPAR, 1985, 474 pp, $29.10. 

Muscle Relaxants: Basic and Clinical Aspects. R. L. Katz, ed. Orlando, FL: 
Grune & Stratton, 1985, 305 pp, $24.40. 


A Primer of Water, Electrolyte, and Acid-Base Syndromes, seventh edition. 
E. Goldberger, J. M. Brensilov. Philadelphia: Lea & Febiger, 1986, 414 pp, 
$19.50. 

Review of Allied Health Education: 4. J]. Hamburg, D. J. Mase, W. S., Perry, 
eds, Lexington, KY: University of Kentucky Press, 1981, 148 pp, $16.00. 


Review of Allied Health Education: 5. J. Hamburg, D. J. Mase, W. S. Perry, 
eds. Lexington, KY: University of Kentucky Press, 1985, 165 pp, $16.00. 





One agent 
has inspired a new 
way of looking at 
surgical muscle 

relaxation. 
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New Use: Infants from one month of age 


. TRACRIUM®° INJECTION 
(atracurium besylate) 


This drug should be used only by adequately trained individuals familiar with its actions, 
characteristics, and hazards. 


DESCRIPTION: Tracrium (atracurium besylate) is an intermediate-duration, 
nondepolarizing, skeletal muscle relaxant for intravenous administration. 


INDICATIONS AND USAGE: Tracrium is indicated, as an adjunct to general anesthesia, 
to facilitate endotracheal intubation and to provide skeletal muscle relaxation during 
surgery or mechanical ventilation. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a 
hypersensitivity to it. 

WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY 
MANAGEMENT AND RESPIRATORY SUPPORT. 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Tracrium has no known effect on consciousness, pain threshold, or cerebration. It 
Should be used only with adequate anesthesia. 


Tracrium Injection should not be mixed with alkaline solutions (e.g., barbiturate solutions) 
in the same syringe or administered simultaneously during intravenous infusion through 
the same needle. Depending on the resultant pH of such mixtures, Tracrium may be 
inactivated and a free acid may be precipitated. 


PRECAUTIONS: ey, ee. 
General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or 
metocurine, the possibility of substantial histamine release in sensitive individuals 
must be considered. Special caution should be exercised in administering Tracrium to 
patients in whom substantial histamine release would be especially hazardous (e.g., 
Aye with clinically significant cardiovascular disease) and in patients with any history 
€.9., Severe anaphylactoid reactions or asthma) Suggesting a greater risk of histamine 
release. In these patients, the recommended initial Tracrium dose is lower po to 

0.4 geste a for other patients and should be administered slowly or in divided doses 
over one minute. 


Since Tracrium has no clinically Significant effects on heart 
rate in the recommended dosage range, it will not counteract 
the bradycardia produced by many anesthetic agents or 
vagal stimulation. As a result, bradycardia during anesthesia 
miy be pee common with Tracrium than with other muscle 
relaxants. 


Tracrium may have proun effects in patients with 
myasthenia gravis, Eaton-Lambert syndrome or other 
neuromuscular diseases or in patients with severe 
electrolyte disorders or carcinomatosis. 


The safety of Tracrium has not been established in patients 
with bronchial asthma. 


Drug Interactions: The neuromuscular blocking action of 
Tracrium may be enhanced by enflurane; isoflurane; 
halothane; certain antibiotics, especially the aminoglycosides 
and ee: lithium; magnesium salts; procainamide; or 
quinidine. 


if other muscle relaxants are used during the same procedure, 
the possibility of a synergistic or antagonist effect should 
be considered. 


Prior administration of succinylcholine does not enhance the duration, but quickens the 
onset and may increase the depth of neuromuscular blockade induced by Tracrium. 
Tracrium should not be administered until a patient has recovered from succinylcholine- 
induced neuromuscular blockade. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenesis and fertility 
Studies have not been performed. Atracurium was evaluated in a battery of three short 
term mutagenicity tests. It was non-mutagenic in both the Ames Salmonella assay at 
concentrations up to 1000 „g/plate, and in a rat bone marrow cytogenicity assay at 

up to paralyzing doses. A positive response was observed in the mouse lymphoma 
ane under conditions (80 and 100 „g/ml, in the absence of metabolic Na 

which killed over 80% of the treated cells; there was no oe at 60 „g/ml and 
lower, concentrations which killed up to half of the treated cells. A far weaker response 
was observed in the presence of metabolic activation at concentrations (1200 „g/ml 
and higher) which also killed over 80% of the treated cells. Mutagenicity testing is 
intended to simulate chronic (years to lifetime) exposure in an effort to determine 
potential carci icity. Thus, a single positive mutagenicity response for a drug used 
infrequently and/or briefly is of questionable clinical relevance. 


Pregnancy: Teratogenic Effects: Pr nancy Category C. Tracrium has been shown 
to be potentially teratogenic in rabbits when given in doses up to approximately one-half 
the human dose. There are no adequate and well-controlled studies in pregnant women. 
Tracrium should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 


Labor and Delivery: It is not known whether muscle relaxants administered during 
vaginal delivery have immediate or delayed adverse effects on the fetus or increase 
the likelihood that resuscitation of the newborn will be necessary. The possibility that 
forceps delivery will be necessary may increase. 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery 
cesarean section. No harmful effects were attributable to Tracrium in any of the 
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newborn infants, although small amounts of Tracrium were shown to cross the placental 
barrier. The possibility of respiratory depression in the newborn infant should always be 
considered following cesarean section during which a neuromuscular blocking agent 
has been administered. In patients receiving magnesium sulfate, the reversal of 
syde blockade may be unsatisfactory and Tracrium dose should be lowered 
as indicated. 


Nursing Mothers: It is not known whether this drug is excreted in human milk. 
Caution should be exercised when Tracrium is administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not 
been established. 


ADVERSE REACTIONS: Tracrium produced few adverse reactions during extensive 
clinical trials, most of which were ee of histamine release (see PRECAUTIONS 
Section). The overall incidence of clinically important adverse reactions was 7/875 or 0.8%. 


Approximately one million patients received Tracrium during the first year following 
introduction to the U.S. market in December, 1983. Spontaneously reported adverse 
reactions were uncommon (approximately 0.02%). The following adverse reactions are 
among those most frequently reported, but there are insufficient data to support an 
estimate of their incidence: 

Musculoskeletal: Inadequate morn. ened block - 
Cardiovascular: Hypotension, vasodilatation (flushing), tachycardia, bradycardia 
Respiratory: Dyspnea, bronchospasm, laryngospasm 

integumentary: Rash, urticaria, reaction at injection site 


DOSAGE AND ADMINISTRATION: Tracrium should be administered intravenously. 
DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Adults: A Tracrium dose of 0.4 to 0.5 mg/kg (1.7-2.2 times the EDas), given as an 
intravenous bolus injection, is the recommended initial dose for most patients. With this 
dose, good or excellent conditions for nonemergency intubation can be expected in 2 
to 2.5 minutes in most patients, with maximum neuromuscular blockade achieved 
approximately 3 to 5 minutes after injection. Clinically acceptable neuromuscular blockade 
under balanced anesthesia generally lasts 20 to 35 minutes; recovery to 25% of control 
is achieved approximately 35 to 45 minutes after injection, and recovery is usually 95% 
complete approximately 60 minutes after injection, 


Tracrium is potentiated by isoflurane ov enflurane anesthesia. 
The same initial Tracrium dose of 0.4 to 0.5 mg/kg may be 
used for intubation prior to administration of these inhalation 
agents; however, if Tracrium is first administered under steady 
state of isoflurane or enflurane, the initial Tracrium dose 
should be reduced by approximately one-third, i.e., to 0.25 
to 0.35 mg/kg; with halothane, which has only a marginal 
(approximately 20%) potentiating effect on Tracrium, 
smaller dosage reductions may be considered. 


Tracrium doses of 0.08 to 0.10 mg/kg are recommended 
for maintenance of neuromuscular blockade during prolonged 
surgical procedures. The first maintenance dose will generally 
be required 20 to 45 minutes after the initial Tracrium 
injection, but the need for maintenance doses should be 
determined by clinical criteria. Maintenance doses may be 
administered at relatively regular intervals for each patient, 
ranging approximately from 15 to 25 minutes under balanced 
anesthesia, slightly longer under isoflurane or enflurane. 


Children and Infants: No Tracrium dosage adjustments are 

required for pediatric patients two years of age or older. 
ae A Tracrium dose of 0.3 to 0.4 moko is recommended as the 
initial dose for infants (1 month to 2 years of age) under halothane anesthesia. 
Maintenance doses may be required with slightly greater frequency in infants and 
children than in adults. 


Special Considerations: An initial Tracrium dose of 0.3 to 0.4 mg/kg, given slowly 
or in divided doses over one minute, is recommended for adults, children, or infants 
with significant cardiovascular disease and for adults, children, or infants with any 
history (e.g., severe anaphylactoid reactions or asthma) suggesting a greater risk of 
histamine release. 


Dosage reductions must be considered also in patients with neuromuscular disease, 
severe electrolyte disorders, or carcinomatosis in which potentiation of neuromuscular 
blockade or difficulties with reversal have been demonstrated. No Tracrium dosage 
adjustments are required for patients with renal disease. 


An initial Tracrium dose of 0.3 to 0.4 me is recommended for adults following the 
use of succinylcholine for intubation under balanced anesthesia. Further reductions may 
be desirable with the use of potent inhalation anesthetics. The patient should be 

rmitted to recover from the effects of succinylcholine prior to Tracrium administration. 
nsufficient data are available for recommendation of a specific initial Tracrium dose 
for administration following the use of succinyicholine in children and infants. 


U.S. Patent No. 4179507 


Printed in U.S.A. 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


IARS 61st CONGRESS TO BE HELD 
March 14-18, 1987—-BUENA VISTA PALACE, LAKE BUENA VISTA (ORLANDO), FLORIDA 





The Program Committee for the IARS 61st Congress would be pleased to receive abstracts for 
consideration as oral or poster presentations at the 1987 meeting in Florida. The official abstract 
application and transmittal forms are available from the Cleveland office of the IARS: 


International Anesthesia Research Society 
3645 Warrensville Center Rd. 

Cleveland, OH 44122 

Telephone: (216) 295-1124 


Please note the absolute deadline for receipt of completed applications is August 13, 1986. To 
make certain you don’t miss the August 13 deadline, please request forms promptly—either by 
calling the telephone number above, or returning the form below. 


Noel W. Lawson, MD, Chairman 
6lst Congress Program Committee 


International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send 
Name: 
Address: 


abstraction submission form(s) for the IARS 61st Congress to: 














TAKE CONTROL WITH 


DUALSTIM 


Now you can have complete control over 
supramaximal stimulation, zero to 55 mA, in 
one rugged, compact, dual function instru- 
ment. 

Professional Instruments’ Model NS-2C 
Dualstim Peripheral Nerve Stimulator and 









Nerve Locator gives you a direct digital read- 
out of applied current, and the Dualstim has 
separate high-low output; high for nerve 
stimulation and low for nerve location. 









Additional product features include 
dual twitch, train-of-four, and tetanus stim- 







ulus pattern. 
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P.O. Box 36221 
Houston, Texas 77236-6221 
(713) 495-9401 ¢ 1-800-231-9841 
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Now Published by Elsevier: 


Journal of the 
American Geriatrics Society 


GENE H. STOLLERMAN, MD JOHN P. BLASS, MD, PhD 
Editor Associate Editor 

Boston University Hospitals White Plains, NY 

Boston, MA 


Journal of the American Geriatrics Society has been 
providing the medical community with outstanding original 
coverage of all aspects of geriatrics for over 30 years. 
Emphasizing original research, Journal of the American 
Geriatrics Society publishes both clinical and basic science 
studies on a broad range of topics. A distinguished editorial 
board, drawn from a wide variety of medical specialties, 
ensures the accuracy, high quality, and noteworthiness of 
every contribution selected for publication. 


Regular features of Journal of the American Geriatrics 
Society include: 


e Medical Ethics and Humanities 
thought-provoking viewpoints on the difficult ethical ques- 
tions facing all physicians who treat the elderly 


e Law and Public Policy eke 
clear, concise reports on the latest legislative and judicial 
developments that affect patient management 


e Clinical Experience a 
Practical solutions to common problems in geriatric health 
care 


Geriatricians, internists, cardiologists, rheumatologists, psy- 
chiatrists, endocrinologists, family practitioners, and others 
who treat aging patients rely on Journal of the American 
Geriatrics Society for up-to-date information on all aspects 
of geriatric health care. 


Journal of the American Geriatrics Society is abstracted/indexed 
in Index Medicus, Current Contents, Science Citation Index, Auto- 
matic Subject Citation Alert, Social Sciences Citation Index, and 
IS!/Biomed. 


1986 Subscription Information: 


Journal of the American Geriatrics Society 
Volume 34, 12 issues. 1986 

Institutional Rate: $75.00 

Personal Rate: $65.00 


For air delivery in the U.S., Canada, and Mexico. add $28.00. 
Subscribers outside the U.S. should add $13.00 for surface delivery 
(not available to Europe): $17.00 for surface air lift delivery to 
Europe; $55.00 for air delivery to the rest of the world: $29.00 for 
surface air-lift delivery to Japan 
Sample copies are available 
ISSN 0002-8614 

For sample copies, send to 


in North and South America: 
Elsevier Science Publishing Co.. Inc 
PO Box 1663 

Grand Centra! Station 

New York. NY 10163-1663 


in the rest of the world: 
Elsevier Science Publishers 
Direct Mail Department 

PO Box 211 

1000 AE Amsterdam 

The Netherlands 


Note: Send subscription orders to either your usual supplier or 
the New York address. A!l subscriptions begin with the first issue of 
the calendar year. Subscription rates valid through Dec. 31, 1986 
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sufentanil citrate) Injection C 


Available in 1 ml, 2 ml, 5 ml ampoules; boxes of ten. 
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For the most significant developments 
in cardiology, your colleagues 
agree that JACC is the journal to 
read first. Here are three reasons 
why: 

JACC’s coverage is 
authoritative. As the official 
journal of the American Col- 
lege of Cardiology, JACC 
enjoys outstanding editorial 
leadership and maintains 
rigorous selection standards. 
Readers know they can 
count on JACC for scientific 
excellence. 

JACC is comprehensive. 
Advances in adult and pedi- 
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DISCOVER JACC: 
THE JOURNAL OF CH(¢ 





ORDER FORM 


Journal of the American College of Cardiology 
Volumes 7, 8 (12 issues plus one supplement), 
ISSN 0735-1097, 1986 


Personal Rate: $64.00 

Institutional Rate: $100.00 

For air delivery in the U.S., Canada, or Mexico, add $69.00. Subscribers 
outside the U.S. should add $30.00 for surface delivery; $60.00 for surface 


air lift delivery to Europe; $89.00 for surface air lift to Japan: or $217.00 for 
air delivery to the rest of the world. 


JACC is abstracted/indexed by: /ndex Medicus, Current 
Contents/Life Sciences, Current Contents/Clinical 
Practice, Excerpta Medica, Biological Abstracts. 
Chemical Abstracts, and Science Citation Index. 


Please bill me. (Orders from nor 
be prepaid.) 


Name 
Address 





City 
State ——— — ——— ——— — Zip/Pe 





Elsevier Science Publishing Co., Inc. 
PO. Box 1663 Grand Central Station N 


Note: Send subscription orders to eit 
or the New York address. Subscriptior 
Dec. 31, 1986 
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Instead of catecholamines 
management of heart failure 





INOCOR lactate injection, brand of amnnnone lactate, represents a new class of cardiac 
motropic agents with vasodilator activity. distinct fom digtals glycosides œ 
catecholarmnes. 

INDICATIONS AND USAGE (NOCOR lactate nection is indicated for the short-term 
management of congestive heart fature m patients who can be closely monitored and 
who have not responded adequately to digitalis. diuretics, and/or vasodilators } 

INOCOR lactate injection is indicated for the short-term management af conges. 
tive heart fature. Because of lirmted expenence and potential tor serious adverse 
efiects (see ADVERSE REACTIONS). INOCOR shouid be used only in patients who can 
be closely monitored and who have not responded adequately fo digitalis, diuretics, 
and/or vasodilators. Although most patents have been studied hemodynamically for 
periods only up to 24 hours, some patents were studied for longer periods and 
demonstrated consistent hemodynamic and clinical effects. The duration of therapy 
should depend on patent responsiveness 
CONTRAINDICATIONS INOCOR lactate smection is comtraincicated in patients who 
are nypersensiiive to it. 

Ris also contraindicated :n those patents known to be hypersensitive to bisuifites 
PRECAUTIONS General INOCOR lactate nection shouid nat be used in patients with 
severe att Of pulmonic valvular disease in leu of surgical elet of the obstruction. 
Like other inotropic agents, t may aggravate outflow tract obstruction in hypertrophic 
subaortic stenosis. 

Dunng intravenous therapy with INOCOR tactate ssuection. blood pressure and 
heart rate should be monitored and the rate of infusion slowed or stopped in patients 
showing excessive decreases in blood pressure 

Patients who have received vigorous diuretic therapy may have insufhcient 
cardiac filing pressure to respond adequately to INOCOR lactate wuection. in which 
case Cautious hberanzation of fug and electrolyte intake may be indicated 

Supraventicular and ventncular arrhythmias have been observed in the very 
high-risk population treated. While amrinone per se has not been shown io be 
arhythmogernic, the potential for arrhythmia, present in congestive neart failure itself 
may De increased by any drug or combination of drugs. 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS). 

LABORATORY TESTS Fluid and electrolytes: Fluid and electrolyte changes and rena! 
functian should be carefully montored dunng amrinone lactate therapy Improvement 
in cardiac output with resultant duress may necessitate a reduction in the dose of 
diuretic. Potassium inss due to excessive diuresis may predispose digitalized patients 
fo arrhythrmas. Therefore, hypokalemia should be corrected by potassium suppe 
mentation in advance of or during amnnane use 

DRUG INTERACTIONS in a relatively himited expenence no untoward clinical mant 
festations have been obser ved in patients in whom INOCOR lactate mecton was used 
concurrently with the following drugs digitals glycosides. lidocaine. quinidine, meto- 
proiol. propranolol, hydralazine, prazosin, isasorbide dinitrate, nitraglycerme, chiorthalr 
done, ethacrynic acid, furosemide, hydrochiorottiazidie. soronolactone captopni, 
heparin, wararn, potassium suppiements, insulin, diazepam 

One case of excessive hypotension was reported when amnnone was used 
concurrently with disopyramide. 

Unt additional expenence s avaliable. concurrent administration with Norpace’ 
disopyramxie should be undertaken with caution 
USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended for use wm 
acute myocardial infarction, 

USE IN CHILDREN Safety anc effectweness in chicen have not been estabished 
USE IN PREGNANCY Pregnancy category C in New Zealand while rabbits, amonone 
has been shown to reduce fetal skeletal and gross external malformations at oral doses 
of 16 mg/kg and 50 mg/kg that were toxic far the rabbit. Studies in French Hy/Cr rabbits 
using oral doses up to 32 mg/kg/day did not confirm ths nding No maiformatons 
were sean in rats recening arnnnane intavenously at the maximum dase used 
15 mg/kg/day (@pproumately the recommended daily V dose for patents with con 
gestive hear! fature) There are no adequate and well. comtroiied studies in pregnant 
women. Amnnone should be used during pregnancy oniy ¢ the potential benets 
justifies the potental rsk to the fetus 

USE IN NURSING MOTHERS Cauton shouid be exercised when amnnone os 
adrmnstered to nursing women. since it's not known whether ifs excreted in human 
milk, 

ADVERSE REACTIONS Thromtbiocytapenia Intravenous INOCOR lactate injection 
resulted in platelet count reductions to below 100,000/mm in 2 4% of patients 
Gastrointestinal effects. Gastrointestinal adverse reachons reported with INOCOR 
lactate inecton dunng chnical use included nausea (1 7%). vomiting (09%). abdominal 
pais (0 4%} and anorexia (0.4%). 

Cardiovascular effects Cardiovascular adverse reachons reported with INOCOR 
lactate muection include arhythrua (3%) and hypotension (1.3%) 

Hepar toxicity: in dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day. 
armnnone showed dose-related hepatotoxicity nanifested either as anzyme elevation 
or hepatic cell necrosis or both Hepatotoxicity has been observed in man following 
longterm oral dosing and has been observed. ina limited expenence (0 2%). following 
WV administration of amnnone 

Hypersensitivity There have been reports of several apparent hypersensitivity reac- 
bons in patents treated with oral amnnone for about two weeks Signs and symptoms 
were variable but included pancardtis. pieunts, anc ascites (one casa}. myoshs with 
interstitial shadowing on chest xray and elevated sedimentation rate tone case) and 
vascuntis with nodular pulmonary densites. hypoxemia, and jaundice fone case) The 
frst patent ched, not necessarily of the possible reaction, while tne last two resatved 
with discontinuation of therapy None of the cases were rechallenged. so atinbuton to 
amrnnone is Hot certain, but possible hypersensitivity reactions should be considered in 
any patient maintained for a prolonged penod on amnnone 

General Additional adverse reactions observed in intravenous amnnone cimical 
Studies include fever (0.9%) chest pain (0.2%), and burning at the site of nechon 
(0.27%). 

OVERDOSAGE Doses of INOCOR lactate injection may produce hypotension 
because of its vasodilator effect. if ths occurs. amnnone admirustration should be 
reduced or discontinued. No specie antidote is known. but general measures for 
circulatory support should be taken l 
MANAGEMENT OF ADVERSE REACTIONS Platelet count reductions Asympto- 
matic platelet count reduction (to less than 150.000/mm*) may be reversed within one 
week ofa decrease in drug dosage. Further. with no change in drug dosage. the court 
may stabilize at lower than predrug levels without any clinical sequelae Precrug platelet 
courts and frequent platelet counts dunna therapy are recommended to assist :n 
decisions regarding dosage modifications 

Shouid a platelet count less than 150, 000/may’ occur. the following actions may be 
considered: 

* Maintain total daily dose unchanged. since in some cases Counts have either 
stabiized of returned to pretreatment levels 

e Decrease total dady dose. 

+ Discontinue amnnone if in the clinical judgment of the physician. rsk exceeds the 
potential benefit, 

Gastrointestinal side effects. Whie gastrontestinal side effects were sean infrequently 

with JV therapy, should severe or debiitating ones occur Ine physician may wish to 

reduce dosage or discontinue the drug based on the usual benefit-to-nsk 

OONSiderahons. 

Hepatic toxicily. In clinical expenence to date with iV adrrenistration. hepatotoxicity has 

rarely been onserved. if acute marked alterations in iver enzymes occur together with 

chacal symptoms, suggesting an idiosyncratic. hypersensinvity reacthon, amnnone 

therapy should be promptly discortinued 
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HOW SUPPLIED Ampuis of 20 mi. sterie. clear yellow Solution containing INOCOR 
Smg/ml, box of 5 (NDC 0024-0888-20) Each {mi contains INOCOR lactate 
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See full prescribing information on following page. 
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} Norcuron (vecuronium bromide) injection 
THIG DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 


DESCRIBTION: NORCURON® (vecuronium bromide) injection is a nondepolarizing neuromuscular biocking agent of 
intermedidm@eduration, chemically designated as piperidinium, 1-[(28 3e, Sa, 168. 178)-3, 17-bis(acetyloxy}-2-{1- 
piperidinyhandrostan-16-yl]-1-methy!-, bromide. 

Norcuron® is supplied as a sterile nonpyrogenic freeze-dried buffered cake of very fine microscopic crystalline par- 
ticles for intravenous injection only. Following reconstitution with salvent (water for injection} the resultant solution is iso- 
tonic and has a pH of 4. Each 5 mi vial contains 10 mg vecuronium bromide. Each vial also contains citric acid, dibasic 
sodium phosphate, sodium hydroxide, and/or phosphoric acid to buffer and adjust pH and mannitai to make isotonic. 
CLINICAL PHARMACOLOGY: Norcuron® (vecuronium bromide) injection is a nondepolarizing neuromuscular 
blocking agen! possessing all of the characteristic pharmacofogical actions of this class of drugs (curariferm). It acts by 
competing for cholinergic receptors at the motor end-plate. The antagonism to acetylcholine is inhibited and 
neuromuscular block is reversed by acetylcholinesterase inhibitors such as neostigmine. edraphonium. and 
pyridestigmine. Norcuron® is about 43 more potent than pancuronium, the duration of neuromuscular blockade 
produced by Norcuron® is shorter than that of pancuronium at initially equipotent doses. The time to anset of paralysis 
decreases and the duration of maximum effect increases with increasing Norcuron® doses. The use of a peripheral 
nerve stimulator is of benefit in assessing the degree of muscular relaxation. 

The EDan (dose required to produce 90% suppression of the muscle twitch response with balanced anesthesia} has 
averaged 6.057 mg/kg (0.049 to 0.062 mg/kg in various studies). An initial Norcuron® dose of 0 08 to 0.10 mg/kg 
generally produces first depression of twitch in approximately 1 minute. good or excellent intubation conditions within 
2.5 to 3.0 minutes, and maximum neuromuscular blockade within 3 to 5 minutes of injection in most patients. Under 
balanced anesthesia, the time lo recovery to 25% of control (clinical duration) is approximately 25 to 40 minutes after 
injection and recovery is usually 95% complete approximately 45-65 minutes after injection of intubating dose. The 
neuromuscular blocking action of Norcuron® is slightly enhanced in the presence of potent inhalation anesthetics. If 
Norcuron® is first administered more than 5 minutes after the start of the inhalation of enfiurane. isofiurane. or 
halothane, or when steady slate has been achieved, the intubating dose of Norcuron® may be decreased by 
approximately 15% (see DOSAGE AND ADMINISTRATION section} Prior administration of succinyicholine may 
enhance the neuromuscular blocking effect of Norcuron® and its duration of action. With succinyicholine as the 
inlubating agent. initial doses of 0.04-0.06 mg/kg of Norcuron® will produce complete neuromuscular block with 
Clinical duration of action of 25-30 minutes. If succinyicholine is used prior to Norcuron®, the administration of 
Norcuron® should be delayed until the patient starts recovering from succinyicholine-induced neuromuscular 
blockade. The effect of prior use of other nondepolarizing neuromuscular blocking agents on the activily of Norcuron® 
has nol been studied (see Drug interactions). 

Repealed administration of maintenance doses of Norcuron® has little or no cumulative effect on the duration of 
neuromuscular blockade. Therefore, repeat doses can be administered at relatively regular intervals with predictable 
results. After an initial dose of 0.08 to 0.10 mg/kg under balanced anesthesia, the first maintenance dose (suggested 
maintenance dose is 0.010 to 0.015 mg/kg} is generally required within 25 to 40 minutes: subsequent maintenance 
doses, if required, may be administered at approximately 12 to 15 minute intervals. Halothane anesthesia increases the 
clinical duration of (he maintenance dose only slightly. Under enflurane a maintenance dose of 0.010 mg/kg is 
approximately equal to 0.015 mg/kg dose under balanced anesthesia. 

The recovery index (lime from 25% to 75% recovery) is approximately 15-25 minutes under balanced or halothane 

anesthesia. When recovery from Norcuron® neuromuscular blocking effect begins, it proceeds more rapidly than 
recovery from pancuronium. Once spontaneous recovery has started, the neuromuscular block produced by 
Norcuron® is readily reversed with various anticholinesterase agents, e.g. pyridostigmine. neostigmine, or 
edrophanium in conjunction with an anticholinergic agent such as atropine or glycopyrrolate. There have been no 
reports of recufarization following satistactory reversal of Norcuran® induced neuromuscular blockade: rapid recovery 
iS a finding consistent with its shor! elimination half-life. 
Pharmacokinetics: At clinical doses of 0.04-0.10 mg/kg, 60-80% of Norcuran® is 
usually bound to plasma protein. The distribution half-life following a single intravenous 
dose (range 0.025-0 280 mg/kg) is approximately 4 minutes. Elimination half-life over this 
Same dosage range is approximately 65-75 minutes in healthy surgical patients and in renal 
failure patients undergoing transplant surgery. In late pregnancy, elimination half-life may 
be shortened to approximately 35-40 minutes. The volume of distribution at steady state is 
approximately 300-460 ml/kg. systemic rate of clearance is approximately 3-4.5 
mi/minute’kg. in man, urine recovery of Norcuron® varies from 3-35% within 24 hours. 
Data derived from patients requiring insertion of a T-tube in the common bile duct suggests 
that 25-50% of a tolaf intravenous dose of vecuronium may be excreted in bile within 42 
hours. Only unchanged Norcuron® (vecuronium bromide) injection has been detected in 
human plasma following clinical use. One metabolite, 3-deacety! vecuronium, has been 
recovered in the urine of some patients in quantities that account tor up to 10% of injected 
dose, 3-deacety! vecuronium has also been recovered by T-tube in some patients account- 
ing for up to 25% of the injected dose. 

This metabolite has been judged by animal screening (dogs and cats) to have 50% or 
more af the potency of Norcuron*; equipotent doses are of approximately the same duration 
as Notcuron® in dogs and cats. Biliary excretion accounts fer about half the dose of 
Nofcuron® within 7 hours in the anesthetized rat. Circulatory bypass of the liver (cat preparation) prolongs recovery 
from Norcuron®. Limited data derived from patients with cirrhosis or cholestasis suggests thal some measurements of 
recovery May be doubled in such patients. in patients with renal failure. measurements of recovery do nat differ 
significantly fram similar measurements in healthy patients. 

Studies involving routine hemodynamic monitoring in good risk surgical patients reveal that the administration of 
Norcuron® in doses up to three times thal needed to produce clinical relaxation (0.15 mg/kg) did not produce clinically 
significant changes in systolic, diastolic or mean arterial pressure. The heart rate, under similar monitoring, remained 
unchanged in some studies and was lowered by a mean of up to 8% in other studies. A large dose of 0.28 mg/kg 
administered during a period of no stimulation, while patients were being prepared for coronary artery bypass grafting, 
was nol associated with alterations in rate-pressure-product of pulmonary capillary wedge pressure Systemic vascular 
resistance was lowered slightly and cardiac output was increased insignificantly (The drug has not been studied in 
patients with hemodynamic dysfunction secondary to cardiac valvular disease). Limited clinical experience (3 patients) 
with use of Norcuron® during surgery for pheochromocytoma has shown that administration af this drug i$ nol 
associated with changes in blood pressure or heart rate. 

Unlike other nondepolarizing skeletal muscle relaxants, Norcuron® has no clinically significant effects on 
hemodynamc parameters and will not counteract those hemodynamic changes or known side effects produced by or 
associated with anesthetic agents. 

Preliminary dala on histamine assay in 16 patients and available clinical experience in more than 600 patients 
indicate that hypersensitivity reactions such as bronchospasm, flushing. redness, hypotension, tachycardia, and other 
reactions commonly associated with histamine release are unlikely to occur. 

INDICATIONS AND USAGE: Norcuron® is indicated as an adjunct to general anesthesia, to facilitate endotracheal 
intubation arid to provide skeletal muscle relaxation during surgery ar mechanical ventilation 
CONTRAINDICATIONS: None known 

WARNINGS: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS ANO THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS 
FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY. AND REVERSAL AGENTS ARE IM- 
MEDIATELY AVAILABLE THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION in patients 
who are known to have myasthenia gravis or the myasthenic (Eaton-Lambert) syndrome, smali doses of Norcuron® may 
have profound effects. In such patients, a peripheral nerve stimulator and use of a small test dose may be of value in 
monitoring the response io administration of muscle relaxants. 

PRECAUTIONS: Renal Failure: Norcuron® is well-tolerated without clinically significant protangation of neuro- 
muscular blocking effect in patients with renal failure who have been optimally prepared for surgery by dialysis. Under 
emergency conditions in anephric patients some prolongation of neuromuscular blockade may occur. therefore, if 
anephric patients cannot be prepared for non-elective surgery, a lower initial dose of Norcuron® should be considered, 
Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease. old age, 
edematous states resulting in increased volume of distribution may contribute to a delay in onset time: therefore dosage 
should nol be increased. 

Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time 
in keeping with the role the liver plays in Norcuron® metabolism and excretion (see Pharmacokinetics} Data currently 
available do nol permit dosage recommendations in patients with impaired liver function. 

UNDER THE ABOVE CONDITIONS, USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING OF 
NEUROMUSCULAR BLOCKING EFFECT WILL PRECLUDE INADVERTANT EXCESS DOSING. 

Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose 
airway and/or ventilatory problems requiring special care before, during and ater the use of neuromuscular blocking 
agents such as Norcuron®. . or 

alignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable af triggering a 
potentially tatal hypermetabolism: of skeletal muscle known as malignant hyperthermia. There are insufficient data 
derived trom screening in susceptible animals (swine) to establish whether or not Norcuron® is capable of triggering 
malignant hyperthermia. l 

Norcuron® has no known effect on consciousness. the pain theshoid or cerebration. Administration must be 
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Drug interactions: Prior administration of succinylcholine may enhance the neuromuscular biocking effect of 
Norcuron® (vecuronium bromide) injection and its duration of action. if succinylcholine is used before Norcuron®, the 
administration of Norcuron® should be delayed until the succinyicholine effect shows signs of wearing off. With 
Succinyicholine as the intubating agent, initial doses of 0.04-0.06 mg/kg of Norcuron® may be administered to produce 
complete neuromuscular block with clinical duration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY). The 
use of Norcuron® before succinyicholine, in order to attenuate some of the side effects of succinyicholine, has not been 
sufficiently studied. 

Other nondepolarizing neuromuscular blocking agents (pancuronium, d-lubocurarine, metocurine, and gallamine} 
act in the same fashion as does Narcuron®: therefore these drugs and Norcuron® may manifest an additive effect when 
used together. There are insufficient data to support concomitant use of Norcuron® and other competitive muscle 
relaxants in the same patient. 
inhalational Anesthetics: Use of volatile inhalational anesthetics such as entlurane, isoflurane, and halothane with 
Norcuron® will enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and isoflurane. 
With the above agents the initial dose of Norcuron® may be the same as with balanced anesthesia uniess the inhalational 
anesthetic has been administered for a sufficient time at a sufficient dose to have reached clinical equilibrium (see 
CLINICAL PHARMACOLOGY}. 

Antibiotics: Parenteral intraperitoneal administration of high doses of certain antibiotics may intensify or produce neuro- 
muscular block on their own. The following antibiotics have been associated with various degrees of paralysis: aminoglyco- 
Sides (Such as neomycin, streptomycin, kanamycin, gentamicin, and dihydrostreptomycin): tetracyclines; bacitracin: 
polymyxin B: colistin; and sodium colistimethate. If these or other newly introduced antibiotics are used in conjunction 
with Norcuran® during surgery, unexpected prolongation of neuromuscular block should be considered a possibility 
Other: Experience concerning iniection of quinidine during recovery from use of ather muscle relaxants suggests that 
recurrent paralysis may occur. This possibility must also be considered for Norcuron® Norcuron® induced 
neuromuscular blockade has been counteracted by alkalosis and enhanced by acidosis in experimental animals {cat} 
Electrolyte imbalance and diseases which lead to electrolyte imbalance, such as adrenal cortical insufficiency. have been 
shown to alter neuromuscular blockade. Depending on the nature of the imbalance. either enhancement ar inhibition 
may be expected. Magnesium salts, administered far the management of toxemia of pregnancy, may enhance the 
neuromuscular blockade. 

Orug/Laboratory Test Interactions: None known. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed 
to evaluate carcinogenic or mutagenic potential or impairment of fertility 

Pregnancy: Pregnancy Category C: Animal reproduction studies have nol been conducted with Norcuron®. itis aiso 
not known whether Norcuran® can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity Norcuron® should be given to a pregnant woman only if clearly needed. 

Pediatric Use: infants under 1 year of age but older than 7 weeks, also tested under halothane anesthesia. are 
moderately more sensitive to Norcuron® on a mg/kg basis fhan adults and take about 1% times as long to recover 
information presently available does not permit recommendations for usage in neonates. 

ADVERSE REACTIONS: Norcuron® was well-tolerated and produced no adverse reactions during extensive clinic: 
trafs. The most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension of th 
drugs pharmacological action beyond the time period needed for surgery and anesthesia. This may vary from sk 
muscle weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insufficiency or z 

inadequate reversal of the neuromuscular blockade, although not yet reported, is possible with Norcuron® a 
curariform drugs. These adverse reactions are managed by manual or mechanical ventilation until recovery i£ 
adequate. Little of no increase in intensity of blockade or duration of action of Norcuron® is nated trom th 
thiobarbiturates. narcotic analgesics, nitrous oxide, or droperidal. See OVERDOSAGE for discussion of other 
used in anesthetic practice which also cause respiratory depression. 
OVERDOSAGE: There has been no experience with Norcuran® overdosage. The possibility of iatrogenic overdosage 
can be minimized by carefully monitoring muscle twitch response to peripheral nerve stimulation. 

Excessive doses of Norcuron® can be expected to produce enhanced pharmacological effects. Residual 
neuromuscular blockade beyond the time period needed for surgery and anesthesia may occur with Norcuron® as with 
other neuromuscular blockers. This may be manifested by skeletal muscle weakness. decreased respiratory reserve. 
low tidal volume, or apnea. A peripheral nerve stimulator may be used to assess the degree 
of residual neuromuscular blockade and help to differentiate residual neuromuscular 
blockade from other causes of decreased respiratory reserve. 

Respiratory depression may be due either wholly of in part to other drugs used during the 
conduct of general anesthesia such as narcotics, thiobarbilurates and other central nervous 
system depressants Under such circumstances the primary treatment is maintenance of a 
patent airway and manual or mechanical ventilation until complete recovery of normal 
respiration is assured. Regonol® (pyridostigmine bromide injection) neostigmine. or 
edrophonium, in conjunction with atropine or glycopyrrolate will usually antagonize the 
skeletai muscie relaxant actor of Norcuron®. Satisfactory reversal can be judged by 
adequacy of skeletai muscle fone and by adequacy of respiration. A peripheral nerve 
stimulator may alsa be used to moniter restoration of twitch height. Failure of prompt 
reversal {within 30 minutes} may occur in the presence of extreme debilitation, car- 
cinomatosis. and with concomitant use ot certain broad spectrum antibiotics, ar anesthetic 
agents and other drugs which enhance neuromuscular blockade or cause respiralory 
depression of their own. Under such circumstances the management is the same as that of 
prolonged neuromuscular blockade. Ventilation must be supported by artificial means until 
ihe patient has resumed control of his respiration. Prior to the use of reversal agents, 
reference should be made to the specific package inseri of the reversal agent 
DOSAGE AND ADMINISTRATION: Norcuron® (vecuronium bromide) injection is for intravenous use only This 
drug should be administered by or under the supervision of expecienced clinicians familiar with the use of 
neuromuscular blocking agents. Dosage must be individualized in each case The dosage information which follows is 
derived from studies based upon units of drug per unit of body weight and is intended to serve as a guide only, 
especially regarding enhancement of neuromuscular blockade of Norcuron® by volatile anesthetics and by prior use of 
succinyicholine (see PRECAUTIONS Drug interactions} Parenteral drug products should be inspected visually for 
particulate matter and discoloration prior to administration. whenever solution and container permit 

To obtain maximum clinica! benefits of Norcuron® and to minimize the possibitity of overdosage, the monitoring of 
muscle witch response to peripheral nerve stimulation is advised. 

The recommended initial dose of Norcuran® is 0.08 to 0.10 mg/kg (1.4 to 1.75 times the EDs) given as an 
intravenous bolus injection. This dose can be expected to produce good or excellent non-emergency intubation 
conditions in 2.5 to 3.0 minutes afer injection. Under balanced anesthesia, clinically required neuromuscular blockade 
lasts approximately 25-30 minutes, with recovery to 25% of control achieved approximately 25 to 40 minutes after 
injection and recovery to 95% of control achieved approximately 45-65 minutes after injection. in the presence of potent 
inhalation anesthetics, the neuromuscular blocking effect of Norcuran® is enhanced. If Norcuron® is first administered 
more than 5 minutes after the start of inhalation agent or when steady state has been achieved, the initial Norcuron® 
dose may be reduced by approximately 15%, i.e.. 0.060 to 0.085 mg/kg. 

Prior administration of succinyicholine may enhance the neuromuscular blocking effect and duration of action af 
Norcuron®. If intubation is performed using succinyicholine, a reduction of initial dose of Nercuron® to 0.04-0.06 
mg/kg with inhalation anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required. 

During prolonged surgical procedures, maintenance doses of 0.010 fo 0.015 mg/kg of Norcuron® are recommended: 
after the initial Norcuron® injection, the first maintenance dose will generally be required within 25 to 40 minutes. However, 
clinical criteria should be used to determine the need for maintenance doses. Since Norcuron® lacks clinically 
important cumulative effects, subsequent maintenance doses, if required. may be administered at relatively regular 
intervals for each patient, ranging approximately from 12 to 15 minutes under balanced anesthesia, slightly longer under 
inhalation agents. (If less frequent administration is desired, higher maintenance doses may be administered} 

Should there be reason for the selection ot larger doses in individual patients, initial doses ranging from 0.15 mg/kg 
up to O28 mg/kg have been administered during surgery under halothane anesthesia without ill effects to the 
cardiovascular system being noted as jong as ventilation is properly maintained (see CLINICAL PHARMACOLOGY). 
Dosage in Children: Older children (10 to 17 years of age) have approximately the same dosage requirements 
(mg/kg) as adults and may be managed the same way. Younger children (1 ta 10 years of age} may require a slightly 
higher initial dose and may aiso require supplementation slightly more often than adults. infants under one year of age 
but alder than 7 weeks are moderately more sensitive to Norcuron® on a mg/kg basis than adults and lake about 12 
limes as long to recover. See also subsection of PRECAUTIONS titled Pediatric Use. information presently available 
does nol perm! recommendation on usage in neonates (see PRECAUTIONS) 

COMPATIBILITY: Norcuron® is compatible in solution with: 
0.9% NaCt solution 5% glucose in saline 
5% glucose in water Lactated Ringer's 
HOW SUPPLIED: 5 mi viais {contains 10 mg of active ingredient} and 5 m! ampul of preservative-free sterile water for 
injection as the diluent. Boxes of 10 (NDC #0052-0442-17). 

5 mi vials (contains 10 mg of active ingredient} only. DILUENT (Sterile Water for injection, USP) NOT SUPPLIED. 

Boxes of 10 (NDC #0052-0442-57). 

STORAGE: PROTECT FROM LIGHT Stare af 15°-30°C (59°-86°F}, 

AFTER RECONSTITUTION: Solution may be stored in reingerator or kept af room temperature not to exceed 30°C 
86°F). DISCARD SOLUTION AFTER 24 HOURS. DISCARD UNUSED PORTION. SINGLE USE VIALS. 
Manutactured for ORGANON INC. by BEN VENUE LABORATORIES. INC.. Bedford, OH 44746 ISSUED 5/86 
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Classified Advertising 





PERMANENT POSITION WANTED 
CRNA-—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 








MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 








ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
anta Fe, New Mexico 87502, (505) 983-7371. 








ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, PO 
Box 5719, Santa Fe, NM 87501. (505) 983- 
7371. 








800-FAST GAS: WORLDWIDE ANESTHESIA 

Have you got knocks and pings in your 
Anesthesia Department? Whether it’s a short 
or long-term staff shortage ... we've got 
quality MDs and CRNAs to get your pro- 
gram running smoothly! 1-800- 327-8427 
Worldwide Anesthesia, John Paju, President. 








PRIVATE TUTORING AVAILABLE FOR 
WRITTEN AND ORAL BOARD EXAMS 
Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 








TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Palm 
Springs. Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117 or 
reply to Box K23, % Anesthesia and Analgesia, 
Desk Editorial, 52 Vanderbilt Avenue, New 
York, NY 10017. Include phone number in 
response. 








ANESTHESIOLOGISTS NEEDED 

at assistant and associate professor levels. 
Most be board certified. Duties include pa- 
tient care, resident and medical student 
teaching, and research. Positions available 
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at the University of Missouri Health Sci- 
ences Center. Interested a send a 
curriculum vitae to G.W.N. Eggers Ir, MD. 
Professor and Chairman, Department of 
Anesthesiology, University of Missouri-Co- 
lumbia Health Services Center, Columbia, 
MQ) 65212. 








ANESTHESIOLOGY UPDATE IN ENGLAND 
September 16-26, 1986. London meeting and 
luxury countryside tour. CME accredita- 
tion. Contact Francine Leinhardt, Manhat- 
tan Eye, Ear & Throat Hospital, 210 East 
64th Street, New York, NY 10021. (212) 838- 
9200 ext 2776. 





DIRECTOR OF OBSTETRICAL ANESTHESIA 
Northwestern University Medical Center has 
initiated a search tor a Director of Obstet- 
rical Anesthesia. Candidates must qualify 
for faculty appointment at Northwestern 
University Medical School and have exten- 
sive clinical experience. Obstetrical case load 
is about 5000 cases per vear with in-house 
coverage. The service supports a strong 
teaching program, which draws trainees 
from three residency programs. The envi- 
ronment allows for joint research with an 
active Department of Obstetrics and a well- 
regarded Center of Clinical Pharmacology. 
Equal opportunity emplover. Send curric- 
ulum vitae and names of three references 
to Edward A. Brunner, MD, PhD, Professor 
and Chairman, Department of Anesthesia, 

Northwestern University Medical School, 
303 East Superior Street, Room 360, Chi- 
cago, IL 60611. 
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NORTHWESTERN UNIVERSITY MEDICAL 
CENTER 

is recruiting young faculty interested in de- 
veloping an academic career in Anesthesia. 
Candidates must have completed at least 
four years of post graduate training and be 
Board certified or in the process of certifi- 
cation. Evidence of scholarly productivity 
will be considered in making final selec- 
tions. A strong residency program with fel- 
lowships in all clinical subspecialties makes 
this faculty position desirable. Candidates 
with qualifications in neurosurgical or ob- 
stetrical anesthesia will be given preference. 
Equal opportunity employer. Send curric- 
ulum vitae and names of three references 
to Edward A Brunner, MD, PhD, Professor 
and Chairman, Department of Anesthesia, 
Northwestern University Medical School, 
303 East Superior Street, Room 360, Chi- 
cago, IL 60611. 
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ANESTHESIOLOGIST: NORTHERN WEST 
VIRGINIA 

BC or in process, to join three anesthesiol- 
ogists and ten CRNAS at 325 bed, 8000 + 
procedure, rural referral center. Surround- 
ing area ideal for family with outdoor in- 
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terests. Busy vascular and OP. No open 
heart. Reply to Box R4, % Anesthesia and 
Analgesic, Desk Editorial, Elsevier Science 
Publishing Company, 52 Vanderbilt Ave- 
nue, New York, NY 10017. 








POSITION WANTED 

BE anesthesiologist, 2 years experience, 
wishes to relocate. Private ease or su- 
pervision. Reply to Box TH, Anesthesia 
and Anaigesia, Desk Editorial, Fieni Sci- 
ence Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 





ANESTHESIOLOGIST 

We specialize in the recruitment and place- 
ment of anesthesia personnel for perma- 
nent and temporary positions throughout 
the US, American Anesthesia Recruiters, 22] 
E. Camelback, Suite 1, Phoenix, AZ 85012. 
Phone # (602) 978-4306. 








NORTH CAROLINA 

Temporary and permanent BE/BC anesthe- 
siologists needed to join fee-for-service group 
in small community in heart of Blue Ridge 
Mountains. Salary first year. Send inquiries 
and CV to Watauga Anesthesia Associates, 
PA, 301 Birch Street, Boone, NC 28607. 








POSITION WANTED 

Mature woman desires independent prac- 
tice opportunity. Will share call and even 
billing expenses. Perfect for someone who 
needs help but does not want a partner. BE, 
excellent references. Reply to Box T45, “e 
Anesthesia and Analgesia, Desk Editorial, El- 
sevier Science Publishing Company, 52 
Vanderbilt Avenue, New York, NY 10017. 








CLASSIFIED ADS 


Anesthesia aid Analgesia makes available clas- 
sified advertising space for those interested m 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other events. 
Display space (minimum ia page) is also avall- 
able through Pharmaceutical Media, Inc. Rates 
for classified advertising: $1.00 per word, min- 
imum twenty words. Additional fee of $12.00 
for box number ads. Copy deadline 7 weeks 
prior to publication, ego for the March issue, 
copy should be received by the Ist of January. 
Fall payment or instituGioenal purchase order 
must accompany the copy for each ad, Ads 
received without a check or purchase order will 
be returned. Ad copy. subject to acceptance by 
publisher, should be typed double-spaced and 
mated in duplicate to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York. NY 10017, 
Make checks pavable to Elsevier Science Pub- 
ishing Co, Ine. 


SOU FHWESTERN PA ANESTHESIOLOGIST 

BE/BC to join group. All types of surgery 
except open heart. Opening immediately. 
Excellent doh ERN and future for right 
persona Response confidential. Pittsburgh 
area. it CV to Box L26, % Anesthesia 
and A Desk Editorial, Elsevier Sci- 
ence Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 








NEUROANESTHESIA DIRECTOR 

The Department of Anesthesiology, Co- 
lumbia Presbyterian Medical Center, seeks 
a Director of Neuroanesthesia. Anesthesia 
services are provided for 1700 neurosurgical 
operations yearly. The candidate must be 
experienced in clinical neuroanesthesia and 
be able to organize and direct clinical or 
basic research in the neurosciences. Qual- 
ifications should be consistent with ap- 
pointment to at least the Associate Profes- 
sor level. Board certification required. A new 
replacement hospital is under construction 
with completion scheduled for 1988. Send 
CV to Peter Rothstein, MD, Neuroanesthesia 
Search Committee, BH Box 62, 622 W. 168th 
Street, New York, NY 10032. Columbia Uni- 
versity takes affirmative action to ensure 
equal opportunity. 





ANESTHESIOLOGIST 

Need help to Start your own FEE-FOR-SER- 
VICE anesthesia practice? We provide a 
complete turnkey solution, including fea- 
sibility study; contract negotiations; finan- 
cial projections; loan application; personne! 
and office procedure manuals; billing sys- 
tems to maintain high collection rates; in- 
surance claim filing; accounting and tax re- 
cord keeping system. Fulfill your ambition. 
Call Southern Medical Management, Inc. 
1-800-AMBITION (262-4846). 


LOUISIANA 

Licensed recently trained Anesthesiologist 
needed soon to practice with MD and CRNAs 
in 120-bed hospital in suburban New Or- 
leans. Competitive salary and benefits. Send 
CV to Laplace Anesthesia, PO Box 269, La- 
place, LA 70069. 


ANESTHESIOLOGY CHIEF 

to head staff of six, anesthesiologists and 
CRNAs, serving 120-member multispe- 
cialty group practice. Hospital affiliated with 
University of Washington, but academic ap- 
pointment not required. Board certification 
preferred. Inpatient and day surgery, no 


OB. Salary and benefits commensurate with 
experience. Reply to Bruce Culver, MD, Pa- 
cific Medical Center, 1200 12th Ave. S., Se- 
attle, WA 98144. 


DETROIT, MICHIGAN: 8th ANNUAL ANES- 
THESIA SEMINAR 

“Symposium of Anesthesia—Topics and 
Trends” Saturday, June 14, 1986, Mt. Car- 
mel Mercy Hospital, 6071 W. Outer Drive, 
Detroit, Michigan 48235. CRNAs, $35.00; 
MDAs, $40.00; Students, $7.50. Contact 
Carol Golen, Dept. of Anesthesia, (313) 927- 
7000. 


POSITION WANTED 

DO BC Anesthesiologist looking for relo- 
cation with large, quality teaching institute. 
Experience in all areas, specifically regional 
and pain management. Moderate climate 
desirable. Send inquiries to: Box U48, ‘ 

Anesthesia and Analgesia, Elsevier Science 
Publishing Company, 52 Vanderbilt Ave- 
nue, New York, NY 10017. 


MIDWEST ANESTHESIOLOGIST 

Group of 10 incorporated anesthesiologists 
seeking a board certified (or eligible) asso- 
ciate to practice in a 850-bed multiple dis- 
ciplinary hospital involved in all procedures 
except transplants. Practice includes super- 
vision of CRNAs. Excellent insurance and 
retirement program, as well as sis va- 
cation time. Send CV to Box U47 % Anes- 
thesia and Analgesia, Desk Editorial, Elsevier 
Science Publishing Company, 52 Vanderbilt 
Avenue, New York, NY 10017. 


SAN FRANCISCO BAY AREA: DIRECTOR, 
DEPARTMENT OF ANESTHESIA 
Community Hospital, a 145-bed acute care 
teaching facility, owned by Sonoma County 
and managed by National Medical Enter- 
prises, Inc., is seeking a BC/BE Anesthe- 
sidlogist with extensive clinical experience 
and demonstrated management ability. Lo- 
cated 60 miles north of San Francisco in the 
heart of the wine country, the hospital is 
affiliated with the U.C. School of Medicine 
and offers a nationally recognized 3-year 
Family Practice Medicine Residency Pro- 
gram as well as a full range of services from 
a Level-2 ICN to Outpatient Clinics. Send 
CV by 8/1/86 to Search Committee, % Office 
of the Administrator, Community Hospital, 
3325 Chanate Road, Santa Rosa, CA 95404 
EOE/AA. 


MARYLAND: PEDIATRIC ANESTHESIOLO- 
GIST 

Modern, private 500+ bed teaching hos- 
pital located near Baltimore suburbs, re- 
quires a Pediatric Anesthesiologist for new 
pediatric surgery program. Candidate should 
be board certified or eligible in anesthe- 
siology (BC’BE in pediatrics desirable but 
not mandatory) with an accredited fellow- 
ship in pediatric anesthesiology. Competi- 
tive salary and benefits. Please send resume 
and current earnings to Box U49, “e Anes- 
thesia and Analgesia, Elsevier Science Pub- 
lishing Company, 52 Vanderbilt Avenue, 
New York, NY 10017. 


KERN MEDICAL CENTER 

Immediate opening for CRNA to join staff 
of five anesthesiologists and three nurse 
anesthetists, at a 243-bed teaching hospital 
affiliated with UCLA. Kern Medical Center 
is located in Bakersfield, California, and is 
100 miles north of Los Angeles and close to 
many excellent recreational areas. Compet- 
itive salary, fringes, and work schedule. If _ 
interested please call collect or send CV to. 
Donald A. Lackey, MD, Medical Director, _ 
1830 Flower Street, Bakersfield, CA 93305. 


RESEARCH INDIVIDUAL FOR DEPARTMENT 
OF ANESTHESIOLOGY 

Must have doctorate in either pharmacol- 
ogy or physiology. Experience related to 
anesthesia research preferred. Joint ap- 
pointment available. Contact G.W.N. Eg- 
gers, Jr, MD, Professor and Chairman, De- 
partment of Anesthesiology, University of 
Missouri Health Sciences Center, Colum- 
bia, MO 65212. 


ANESTHESIOLOGY CHAIRMAN 

The LIJMC, an 870-bed tertiary care teach- 
ing hospital, seeks a Chairman for a restruc- 
tured Department of Anesthesiology. Can- 
didates must be board certified in 
anesthesiology, with demonstrated admin- 
istrative and academic leadership ability to 
direct and coordinate the clinical anesthe- 
siology program, an approved residency 
training program, and research activities. 
They also must qualify for appointment at 
the rank of Professor or Associate Professor 
at the School of Medicine of the Health Sci- 
ences Center of the State University of New 
York at Stony Brook. Please submit CV in 
confidence to Leslie Wise, MD, Chairman, 
Anesthesiology Search Committee, Long 
Island Jewish Medical Center, New Hyde 
Park, NY 11042. An equal opportunity 
employer. 





FIRST INTERNATIONAL SYMPOSIUM 
ON THE 
PEDIATRIC AIRWAY 


IASHINGTON, D.C., USA; OCTOBER 30th-NOVEMBER tst, 1987 


DIAGNOSTIC AND MANAGEMENT ISSUES 
including 

) CRITICAL CARE MONITORING 

) STANDARDIZATION OF EQUIPMENT 

) JET VENTILATION TECHNIQUES 

) 


) TRACHEOSTOMY DECISION-MAKING 
) TRACHEOSTOMY HOME CARE 
(7) HOME CARE VENTILATION 


PARTICIPANTS: PEDIATRIC CRITICAL CARE SPECIALISTS, 
PEDIATRIC ANESTHESIOLOGISTS, AND 
PEDIATRIC QTOLARYNGCLOGISTS 


ORGANIZATIONAL SPONSORSHIP: 


THE DEPARTMENTS OF 
PEDIATRIC ANESTHESIA AND PEDIATRIC OTOLARYNGOLOGY 


THE CHILDREN’S HOSPITAL OF PITTSBURGH 
THE CHILDREN’S HOSPITAL OF PHILADELPHIA 


INQUIRES TO: 
LAWRENCE M. BORLAND, M.D. 
DEPARTMENT OF ANESTHESIA 
THE CHILDREN’S HOSPITAL OF PITTSBURGH 
ONE CHILDREN’S PLACE 
3705 FIFTH AVENUE AT DESOTO STREET 
PITTSBURGH, PENNSYLVANIA, USA 15213 
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ANESTHESIOLOGIS’ 


Excellent opportunity to join 193 
physician multi-specialty group 
with adjacent 447-bed hospital. 
New clinic building recently com- 
pleted. The Gundersen Clinic is 
located in a progressive communi- 
ty of 50,000 with expanding univer- 
sity and private college. Cultural 
and recreation facilities. Beautiful 
setting; good schools. Excellent 
pension program, no investment 
required. Service organization. 
Write: 


Bruce A. Polender, M.D. 
Chairman Personnel Committee 


Gundersen Clinic, Ltd. 


1836 South Avenue 
La Crosse, Wisconsin 54601 


An Equal Opportunity Employer 
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Fast, accurate and safe monitoring of anesthetic agents. 
You can clearly read the difference in gas concentration 
between inspiration and expiration, and see when a steady 
State has been reached. 


e Analogue and digital monitoring of halothane, enflurane 
and isoflurane concentrations, breath by breath. with 
alarm. 

e Digital O2-monitoring with alarm 

e Fits most equioment—both rebreathing and 
non-rebreathing systems 

e No gas loss-——no pollution of the operation room 

e Insensitive to humidity 

s Compact and light in weight 





Please contact us for more information. 
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Siemens Eliema AB. Ventilator Division. S-17195 Soina, Sweden. 
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